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NOTiCE 


The results of the OAST Space Technology Workshop which was 
held at Madison College. Harrisonburg. Virginia. August 3 - 
15. 1975 are contained in the following reports: 


EXECUTIVE SUMMARY 

VOL I DATA PROCESSING AND TRANSFER 

VOL II SENSING AND DATA ACQUISITION 

VOL III NAVIGATION. GUIDANCE. AND CONTROL 

VOL IV POWER 

VOL V PROPULSION 

VOL VI STRUCTURE AND DYNAMICS 

VOL VII MATERIALS 

VOL VIII THERMAL CONTROL 

VOL IX ENTRY 

VOL X BASIC RESEARCH 

VOL XI LIFE SUPPORT 

; 

* 

Copies of these reports may be obtained by contacting: 

NASA - LANGLEY RESEARCH CENTER 
ATTN- 418/CHARLES I. TYNAN, JR. 

HAMPTON. VA. 23665 
COMMERCIAL TELEPHONE 804/827-3666 
FEDERAL TELECOMMUNICATIONS SYSTEM: 928-3666 
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SUMMARY OF THE FINAL REPORT 
OF THE NAVIGATION, GUIDANCE AND 
CONTROL WORKING GROUP 

OAST WORKSHOP AUGUST 1975 


The NGC working group collected "user" technology requirements 
based on the outlook for space and certain user groups such as 
OSS, OA, and OMSF. These user requirements were compared with 
technology requirements generated prior to the workshop. New 
technology requirements were subsequently developed and revisions 
and modifications of existing technology requirements were made in 
light of user needs. / 

The user requirements were then grouped into three major thrusts. 

These major thrusts provide a blanket for related technology advance- 
ment or imporvement and support several of the NASA user offices. 

These major thrusts are: 

1. REDUCE MISSION SUPPORT COST BY 50% THROUGH 
ANTONOMOUS OPERATION BY 1990, 

2. PROVIDE A TEN-FOLD INCREASE IN MISSION OUTPUT 
THROUGH IMPROVED POINTING AND CONTROL BY 1990, 

AND 

3. PROVIDE A HUNDRED-FOLD INCREASE IN HUMAN'S 
PRODUCTIVITY IN SPACE THROUGH LARGE-SCALE 
TELEOPERATOR APPLICATIONS BY 1990. 

In all, forty-seven technology requirements were identified 
that support user requirements. General emphasis could be 
identified under each of the three major thrusts. These are 

Autonomous Operations 

Long Life Components and Systems. 

Antonomous Spacecraft and Systems. 

Self-Repairing Spacecraft Systems. 

Automated G & C Electronics 

Long Life Time Reliability Assurance. 

Pointing and Control 

Large Arrays and Structures. 

Interplanetary Instrument Pointing. 

Earth Orbital Pointing Altitude Control. 

Precision Instrument Pointing for Manned Missions. 
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Teleoperators 

In-Space Construction Techniques 
Orbital Assembly Maintenance, Repair 
Remote Controlled Manipulators. 

Next, the technology requirements were reviewed to determine 
if they could benefit from a shuttle flight experiment. A total 
of fifteen were identified that could benefit from a flight test. 
Some of the future payload technology space tests require or are 
enhanced by the space environment, while others benefit from a 
systems test, required for user acceptance, that can only be 
performed meaningfully in space. In some cases it appeared that 
one Shuttle flight might be able to accommodate several experi- 
ments in a single flight experiment package. Two of these packages 
are : 

1. Inertial Components Test Facility including low-g 
accelerometer experiments and redundant strapdown 
Inertial Measurement United experiments, and 

2. Modular Instrument Pointing Test Facility including 
experiments related to optical and video correlator 
landmark trackers and the Video Inertial Pointing 
System for Shuttle Astronomy Payloads. 
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FINAL REPORT 


NAVIGATION, GUIDANCE AND CONTROL 


I . INTRODUCTION 

A. WORKING GROUP APPROACH 


The Navigation, Guidance and Control working group consisted 
of eight members: 

Mr. William D. Bachman, Chairman (JPL) 

Mr. Kirk M. Dawson (JPL) 

Dr. William B . Gevartar (OAST, HQTRS ) 

Mr. Harold J. Gordon (JPL) 

Mr. William D. Hibbard (GSFC) 

Mr. William E. Howell (LARC) 

Mr. J. Dwight Johnston (MSFC) 

Mr. James P. Murphy (ARC) 

In addition to the committee members, the Working Group 
was greatly aided by Dr. W. Jack Breedlove and Dr. Ping 
Tcheng from Old Dominion University who functioned as 
Collaborators with the Group. 

In order to increase the productivity of the Working 
Group and allow the members to work in areas of their 
primary specialties, the Group was divided into three 
subgroups as shown in Figure 1. Although during most 
of the proceedings the Working Group functioned as a 
single unit, there were times when the three subgroups 
operated independently to generate material. 

The steps that the working group followed in developing 
recommended shuttle payloads are shown in Figure 2. User 
requirements were developed form the material presented 
by the Workshop User Working Group and reported in the 
Outlook for Space Report. Once generated, these require- 
ments were reviewed by the User Working Group to determine 
if all pertinent needs had been identified. After the re 
requirements had been identified and checked they were 
grouped into three major thrusts which provided a frame- 
work for later discussions. 


1 



1 


I 


1-2 


The next major step in the process was to review the 
technology requirements generated in advance and brought 
to the workshop by the NG&C Working Group members. These 
were studied in light of the user requirements, deficiencies 
and omissions were noted and new technology requirements 
were genereted where necessary. Several technology 
requirements were found to be related to other working 
group's responsibilities and this material was forwarded 
to those groups. 

Once the technology requirements were completed, they were 
individually reviewed to determine if they could benefit 
from a shuttle flight experiment. Finally, the experiments 
that were derived from this process were grouped into related 
categories. In some cases, it appeared that one Shuttle 
flight might be able to accommodate several experiments in 
a single flight experiment package 

The last two boxes on the lower right of Figure 2 represent 
an activity not directly related to identifying Shuttle 
experiments but definitely important to OAST programs in 
Navigation, Guidance and Control. Identification of 
desirable new starts was the prime objective of this 
comparison. 
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II. USER REQUIREMENTS 

A. INPUTS FROM USERS 

User requirements were provided in the form of a written 
input in the 1975 NASA OAST SUMMER WORKSHOP OVERVIEW 
REPORT. These written inputs were supplemented by a 
series of presentations to the workshop. The written 
inputs were provided by each of the NASA user offices 
and were supplemented by verbal discussions durina the 
workshop between the Navigation, Guidance and Control 
Working Group and the Users Workshop Group. User 
requirements were then generated for each of the NASA 
program offices. 

B. OUTLOOK FOR SPACE 

User or mission requirements were also derived from the 
Outlook lor Space Report, A Forecast of Space Tech- 
nology, Section V. The forecasts presented in the 
report were correlated with the User Input requirements 
to obtain more quantitative data relating to the user 
requirements . 

C. MAJOR THRUSTS AND TECHNOLOGY NEEDS 

When the user requirements were examined it became 
apparent that they could be grouped into three major 
thrusts in the navigation, guidance and control dis- 
ciplines that require major effort to support the user 
requirements. These major thrusts provide a blanket 
for related technology advancement or improvement and 
support several of the NASA user offices. The major 
thrusts and associated user requirements are listed 
below: 

1. REDUCE MISSION SUPPORT COST BY 50% THROUGH AUTO- 
NOMOUS OPERATION BY 199 0 

♦Develop long life, self-repairing spacecraft systems 

♦Provide automated rendezvous and docking systems 
and techniques 

♦Develop guidance and control systems for near- 
automated long mission use 

♦Improve the position knowledge of orbital and 
deep space systems 

♦Develop autonomous unmanned lunar and planetary 
rovers with emphasis on mobility, articulation, 
guidance, navigation and control systems 
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2. PROVIDE A TEN-FOLD INCREASE IN MISSION OUTPUT 

THROUGH IMPROVED POINTING AND CONTROL BY 1990 

♦Develop pointing and control for large 
structures and arrays 

♦Improve instrument pointing and spacecraft 
attitude control for unmanned interplanetary 
vehicles 

♦Develop precision instrument pointing for manned 
earth orbital vehicles 

3. PROVIDE A HUNDRED-FOLD INCREASE IN HUMAN’S PRO- 
DUCTIVITY IN SPACE THROUGH LARGE-SCALE TELEOPERATOR 

APPLICATION BY 1990 

♦Develop and provide means of remotely monitoring, 
inspecting, and collecting visual data during 
deployment, retrieval, structure assembly, etc., 
to verify activities not normally visible. 

♦Develop capability for deployment, retrieval, 
servicing and assembly of payloads, large space 
structures, lunar bases, etc., with earth 
orbital and surface type vehicles. 

♦Provide a transporter for transfer of materials, 
tools, and crew in support of EVA activities. 
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III. ADVANCED TECHNOLOGY REQUIREMENTS 


A. INTRODUCTION 


Technology requirements were deri ed from two sources . The 
first source involved inputs, prior to the workshop, by 
members of the working group based on inputs from the 
respective centers and the individuals knowledge of future 
program requirements. In addition to thene technology 
requirements, additional requirements were formulated by 
the working group as a whole based on the user inputs to 
the workshop and the outlook for Space Study. These 
technology requirements fall naturally into the major 
thrust areas that were identified and are listed in resume 
form in Section III-B and in full form in Section III-C. 

B. TECHNOLOGY REQUIREMENTS RESUMES 

1 • LOW COST NAVIGATION INDEPENDENT OF NASA TRACKING 
FACILITIES 


There exists several wide-spread navigation nets for 
aircraft use around the world. The most notable are 
DME and OMEGA. The first operates at UHF with power 
in the one to twenty KW range. This frequency and 
power is more than adequate for reception from space- 
craft altitude. The second operates with high power, 
is worldwide, but is in the VLF band. However, it 
may be useable. At this time there has been no 
adequate survey of the signal strength of earth based 
navigation aids at orbital spacecraft altitudes. 

This work would propose an experiment to fly high 
quality aircraft navigation gear (receiver/transmitter) 
to determine the possibility of designing future 
earth orbital satellites with the capability of 
doing their own navigation, thus reducing mission 
support requirements. 

2. APPROACH GUIDANCE FROM A SPINNING SPACECRAFT 


Approach guidance measurements require an extremely 
stable spacecraft platform and extremely accurate 
angular measurements of point sources and extended 
objects. Current spinning spacecraft do not have 
sufficient spin stability to allow accurate angular 
movements . 
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3. SCANNING LASER RADAR 

Scanning laser radars are presently designed to use 
either Carbond Dioxide (CC^) or Gallium Arsenide 
(Ga As) as the laser source. The concept requires 
no moving parts, requires low power and can proved 
range, range rate, angle and angular rate as a 
navigational aid to a manned rendezvous and docking 
system. Where retro-reflectors are utilized it 
provides a means for autonomous control. 

4. DEVELOPMENT OF LOW COST NAVIGATION COMPONENTS 

Present efforts to develop low cost inertial systems 
are hampered by the fact that many present day 
components were developed with performance as the 
prime goal and cost secondary. In doing this many 
inherently cheaper concepts have been discarded 
because they lacked the potential for performance 
refinement. There are many applications today which 
require modest accuracy, but very low cost to make 
then economically feasible. What is required is an 
unified, directed attempt to provide funding for new 
concepts (as opposed to improvements in old designs) 
which show promise for geuine cost benefits. 

5. AUTONOMOUS GUIDANCE AND NAVIGATION 

This new technology consists of development of an on- 
board capability to automatically collect observations 
using an optical sensor, and process that data to 
determine the S/C orbit, subsequently making a 
trajectory correction maneuver in an optimal manner 
and/or adjusting or modifying a pre-planned science 
sequence. This capability can later be expanded to 
include detecting targets-of-opportvmity and modifying 
the trajectory to investigate or avoid them. Certain 
missions, such as those requiring decision reaction 
times shorter than the roi^d-trip light time, could 
not be done in any other way. 

6. DIFFERENTIAL VERY LONG BASELINE INTERFEROMETRY 
(AVLBI) and PULSAR NAVIGATION 


AVLBI measurements consist of interferometrically track- 
ing S/C and an extragalactic source, which allows S/C 
target-relative coordinates to be fixed in an intertial 
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coordinate system. When the S/C flies by, orbits, or 
lands on the target planet/satellite its ephemer i s can 
be significantly improved, decreasing a limiting error 
source for future missions. 

Flight equipment must be developed to locate and record 
signals from pulsars. These recordings, with accurate 
time tags, would then be compared to similar pulsar 
recordings made on the earth. The correlation between 
these recorded signals allows S/C position determination 
accuracy that is indpendent of the S/C-Earth distance. 

An alternative technique would be to have a catalog of 
characteristics on the spacecraft and perform the 
correlation autonomously. 

7. COMET AND ASTEROID EPHEMERIDES IMPROVEMENT 

A dedicated and systematic observation schedule, 
including radar bounce data, would allow improved small 
body ephemerides to be developed. This would enable 
comet or asteroid missions to be designed in a timely 
manner. For very uncertain ephemerides, the spacecraft 
would have to be launched on a trajectory that had the 
ability to be significantly adjusted as observation 
data accumulated (both earth-based and S/C based when 
approaching the target body) . 

8. COMETARY INTERCEPT NAVIGATION AND GUIDANCE 

Cometary ephemerides are very poorly known, and in fact 
change from one appearance to another for the periodic 
comets. Most of the comets known to date appear to be 
on parabolic orbits and have been first discovered 
within 6 to 10 months of their perihelion. A cometary 
intercept mission to a newly discovered comet having 
a poorly defined trajectory is possible if launched 
as early as possible on a high energy trajectory which 
can be corrected until the intercept occurs. This 
implies development of a high-energy probe capability 
and the development and mechanization of an optimal 
navigation strategy. 

9. AUTOMATED SPACECRAFT 

The objective of this task is to develop the technology 
necessary to increase the capability of spacecraft to 
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perform complex, self-contained tasks. This is a 
summary technology requirement description including 
the development areas of; the structure of the control 
elements, the process of decision-making (problem 
solving) , interaction between the spacecraft and 
human controller, techniques for controlled manip- 
ulation and roving vehicle control. 

10. ROBOTIC DECISION MAKING AND PLANNING 


This task develops the capability for a robotic system 
to plan and implement a task or series of tasks once 
a high level supervisory command statement has been 
sent to the robot. Decision-making and planning are 
functions that human beings perform rather effortlessly 
and well, but very little is known about how to 
automate them. There is strong desire to make 
robot machines independent of earth-based surveillance 
and to free the ground personnel for other tasks. 

11. ROBOTIC SCENE ANALYSIS 


For a robot to operate autonomously it must develop a 
model of its surroundings. This model, located in 
the robot is computer, will allow safe movement from 
place to place and permit the carrying out of commanded 
functions (pick up a rock located a a specific location, 
etc.). Scene analysis, which is closely related to the 
function of perception, involves computer dissection 
of pictures, combination of this data with other 
sensory data from instruments such as laser range finders 
and construction of a "world model". This model is 
continua] ly updated and corrected as the robot moves 
in carrying out its tasks. 

12. END EFFECTOR SENSORS FOR ROBOT AND TELEOPERATOR 
MANIPULATORS 

Various types of sensors can be used on end effectors 
of remote manipulators to speed up and/or automate the 
manipulation process. Touch sensors, force feedback 
sensors, optical promimity sensors and various pressure 
sensors can be used for this purpose. The presentation 
format of this data to the teleoperator operator or to 
the robot computer and how this data should be 
interpreted and used by the operator and computer are 
major technology problems being worked by this task. 
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designs and to provide verification of design equations 
and procedures. This is an alternate procedure to 
that proposed by the "STS advanced systems technology 
guidance and control working group", January 1974. 

In that document a new ground based facility was 
recommended . 

19. HIGH RESOLUTION LONG LIFE INERTIAL REFERENCE UNIT 

To broaden the applicability of the dry (tuned-rotor) 
gyro inertial reference unit (DRIRU) by increasing 
the fine pointing capability, the development of 
higher resolution loop electronics and an improvement 
in the gyro motor bearing configuration is required. 
Pointing stability of 1 arc second for periods up 
to one hour is required. 

20. CRYOGENIC GYROSCOPES FOR SPACE AND AIRCRAFT NAVIGATION 

An extremely low drift, electrostatic gyro, with 
cryogenic pick-off, is being developed for a science 
experiment. Its low drift rate of 10“ . radian per 
year would be of grat value to a wide variety of 
earth and interplanetary missions because it eliminates 
the need for external sensing of a attitude. The 
technology is anticipated by the early 1980's. 

21. CO’.TINUED DEVELOPMENT OF DIGITAL REBALANCE ELECTRONICS 
F OR DRY TUNED ROTOR CYROS 

A rebalance electronics package will provide digital 
torque control and substantially improve the accuracy 
and resolution over the current analog electronics. 

22. HIGH R ESOLUTION ATTITUDE SENSOR 

A iigh resolution attitude sensor is required for missions 
such as LST . The laser gyro is a promising candidate. 

(Cf. Laser Rate Gyro Package) 

23. LOW G ACCELEROMETER EVALUATION FACILITY 


The measurement of spacecraft acceleration to 
of 10”9 g an £ i OW er require a very stable and 
Lest platform. 


levels 
low noise 
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13. UNAS SIGNED 

14. STELLAR II (STARTRACKER ) 

Develop an internally redundant, radiation-hardened 
and fault tolerant CCD star tracker. This task is 
an . utgrowth of the STELLAR star tracker now under 
development. 

15. INTENSIFIED SOLID STATE IMAGING DEVICE AND CHARGE 
and INJECTION DEVICE FOR LOW LIGHT LEVEL IMAGING 

16. 

The abstracts for these two technology requirements 
are summarized into one. 

The existing technology demonstrates the need and 
potential for increasing the sensitivity of "charge 
injection devices" (CID) imaging devices. Such a 
method provides a second generation of solid state 
devices . 

Due to ruggedness, small size, low weight and power 
consumption these devices will be strong competitors 
to the low light level tube type system. 

Improvements to the existing CID technology in the 
areas of resolution, sensitivity, uniformity sizing 
and selection will allow it to be used for the sensor 
in solid state star trackers. 

17. OPTICAL STANDARDIZATION AND IMPROVED TUBE DESIGN 
FOR STAR TRACKERS 

Proper utilization of present day technology permits 
a modification of the internal parts of the image dissector 
tube that cai greatly improve its performance in 
star trackers. 

Development of a standard lens for the image dissector 
tube will meet the star tracker needs until solid 
state devices (such as CID's and CCD's) can be 
developed into flight worthy systems. 

18. STRAY-LIGHT REJECTION 

It is extremely difficult and expensive to evaluate 
stray light attenuators (sun and earth shades) in 
earth based facilities. One reason is that test 
facility walls scatter light from the solar simulators. 

This makes verfication of new designs difficult. 

Shuttle sortie flights provide an opportunity to 
evaluate the attenuation qualities of new sun shade 
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24 . RATE GYRO PACKAGE 

The laser rate gyro currently under development offers 
an alternative to the inertial rateintegrating gyro 
that should prove less expensive and less vulnerable 
to ambient acceleration. Successful demonstration of 
the laser gyro will provide a cost beneficial alternative 
to the inertial gyro. 

25. REDUNDANT STRAPDOWN LASER INERTIAL MEASUREMENT UNIT 
(IMU) FOR SPACE MESS IONS 

The Tug will require an IMU for self-contained guidance 
for orbit change and as an attitude reference. Laser 
IMU should be simpler, lighter in weight, more reliable 
and less costly than conventional systems. A Shuttle 
payload will flight qualify the IMU f Tug and longlife 
space missions. 

26. OPTICAL CORRELATOR LANDMARK TRACKER 

One of the major applications of space is to survey, 
monitor and service earth and its inhabitants. There 
is a major need for a device which can pick out an 
arbitrarily chosen target on the earth and provide an 
accurate earth-pointing error signal. The optical 
correlator landmark tracker has this potential. To 
accomplish this, it utilizes pattern recognition in 
the spatial frequency domain to provide the pointing 
signal. This device is functionally related to the 
video landmark tracker below, however, the technical 
aspects of the two systems are significantly different. 

27. VIDEO CORRELATOR LANDMARK TRACKER 

This device is aimed at fullfilling a similar technology 
requirement as the optical correlator landmark tracker. 

However, the technical aspects of achieving the ultimate 
goal is significantly different. This device relies 
on software processing of video data and algorithm 
development to recognize selected points. Because 
of the desirability of using landmark tracking, 
alternate technology approaches are essential. 

28. OPTICAL INERTIAL REFERENCE 

This technology requirement proposes the development 
of an optical inertial reference incorporating a laser/ 
fiber optics rotation sensor. A small laser is coupled 
to each end of a fiber optic strand wound in a coil 
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on a small mandrel. Rotation about the axis of the coil 
alters the relative frequencies of light passing through 
the fiber 'with, and against, the direction of rotation. 
Mixing and beat detection provide a direct digital 
measurement of rotation rate. 

29. UNASSIGNED 

30. HARD LANDER CONTROL SYSTEM FOR AIRLESS PLANETS 

Penetrators rely on control of impact angle of attack 
to ensure survival of the scientific instruments. For 
missions to airless planets or the moon, aerodynamics 
cannot be used, and an active system must be developed 
to control the impact angle of attack. 

3 1 . VIDEO INERTIAL POINTING SYSTEM FOR SHUTTLE ASTRO N OMY 
PAYLOADS 

Pointing at non-visible or dim astronomy targets require 
tracking members of the adjacent star field. Since the 
position of many dim targets is not precisely known 
with respect to the star field, the ability to view the 
adjacent field and complete the acquisition with an 
operator is crucial to the success of many astronomy 
missions. A video sensor can be used to provide multi- 
star position data for three axis pointing error signals 
and information for a CRT display of the star field. 

32. ATTITUDE CONTROL OF FLEXIBLE SPACECRAFT CONFIGURATIONS 


Instrument pointing from a flexible structure typical 
of manned, earth resource and planetary spacecraft of 
the future need control systems capable of filtering the 
motions caused by the flexibility of the main spacecraft. 
On-going wore (RTOP 506-19-14} will develop the initial 
tools for incorporating a realistic non rigid vehicle 
model into the design of a stochastic controller by 1979. 
A non flight critical control system, preferably 
programmable, designed with control algorithms based 
on dynamical models of the supporting structure would 
provide a practical demonstration of the new analytical 
tools. Alternately a complete flight evaluation of the 
structure control, attitude control and the pointing 
control could be performed on a early prototype 
structure for an on-going mission. This would qualify 
the technology and the operational components 
simultaneously . 
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33. FIGURE CONTROL OF LARGE DEFORMABLE STRUCTURES 

Figure or shape control of large flexible structures 
which emit or collect electromagnetic radiation is 
necessary to maintain efficiency and high gain for 
increased bandwidth and resolution. To provide shape 
control to fractions of a wavelength in the operating 
frequency region of interest will require advances in 
structural modeling and the technology of sensors 
and actuators . 

34 . HIGH ACCURACY INSTRUMENT POINTING SYSTEM FOR FLEXIBLE 
BODY SPACECRAFT 

Future planetary and comet missions require science 
instrument pointing capability that current Mariner/ 
Viking class articulation control systems cannot 
satisfy. The approach to advancing the science 
instrument pointing system is to develop an instrument 
pointing platform control system having a fast response 
inertially stabilized instrument line of sight. 

35. SPACECRAFT SURFACE FORCE CONTROL (SURFCON) AND ATTITUDE 
C ONTROL SYSTEM 

There is a class of future planetary and solar probe 
missions that requires the spacecraft to follow a 
purely gravitational trajectory for highly accurate 
relativistic, gravimetric and atmospheric physics 
measurements. These science requirements cannot be 
satisfactorily met by current spacecraft attitude and 
translation control system designs. This requirement 
can be met with a Mariner class attitude control system 
that compels the spacecraft to center on a spherical 
proof-mass in the translational degrees of freedom. 

This concept has been flight proven on Navy Transit 
Satellites for earth orbital application. 

36. RADIATION ATTITUDE CONTROL FOR EXTENDED LIFE PLANETARY 
MISSIONS 

During interplanetary flight, radiation from RTG’s 
impinging on vehicle structure is usually a primary 
disturbance torque to attitude control. There 
exists a possibility of using these forces as a 
control torque with the possibility of significant 
savings in expendibles. A program is required to 
study the nature, magnitude, and variation of RTG 
radiation for the purpose of there axis stabilization. 
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37. FLUID MOMENTUM GENERATOR 

The Fluid Momentum Generator provides a jitter-free 
alternative to the conventional ball-bearing reaction 
wheel. Fluid M/G's have been demonstrated successfully, 
but they consumed excessive power because of the high 
fluid friction. The proposed development would 
investigate the use of magnetic fluids to obuain a 
high density, low viscosity fluid that could be 
efficiently driven by a linear motor. The result 
would be an alternate choice tc the magnetically 
suspended reaction wheel, offering lower complexity and 
cost . 

38. MEASUREMENT AND CONTROL OF LONG BASELINE STRUCTURES 

Technology must be provided for accurate interferometric 
measurement. These measurements require precise knowledge 
and stability cf long base line structure. Their structure 
may or may not be physically connected; therefore, a 
variety of control techniques and measurement methods 
must be used. This technology requirement is related 
Vo that of figure or shape control of large sti'uctures, 
but has several unique requirements which need special 
attention, i.e., potential for disconnected structures. 

3 9 . MAGNETIC LARGE ARRAY ASSEMBLY AND SHAPE MANAGEMENT 

There exists a technology requirement for large light 
weight arrays for sensors and antennas in space with 
tightly controlled contours. One possibility to do 
this is to employ modular arrays magnetically coupled 
and controlled. This requires further exploration as to 
feasibility and practicability. 

4 0 • UNASSIGNE D 

4 1 . SP ACE TELEOPERATOR TECHNOLOGY 

The requirement for this activity and the related 
technology requirements (42 through 50) is to define and 
develop experimental and prototype teleoperator systems 
for earth, lunar and planetary orbit and surface 
operations. Telcoperator systems offer great potential 
for doing this. Functioning as extensions of spacecraft. 


i 

\ 

i 
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111-11 


as free flying vehicles operated form the shuttle, 
space station, or the gound; or as surface vehicles 
remotely operated from earth, the teleoperator will 
augment the human in performing a number of useful 
tasks which otherwise would not be possible. 

42. SUPERVISORY CONTROL OF REMOTE MANIPULATORS 

Requirements exist to develop optimum man-machine 
interface technologies for controlling manipulators 
when computers are part; of the supervisory control 
loop. Efficient, versatile and safe control 
performance of remote manipulation dpends to a great 
extent on the allocation of control functions between 
operator and control computer. 

43. SATELLITE SERVICING 

Requirements exist to develop optimal interface 
hardware conceptual designs to enhance satellite 
servicing capabilities and verify these concepts 
and designs using in-orbit experiments. 

44 . MULTI-PURPOSE PANEL 

Requirements exist to devehop an addressible 
alphanumeric display for flight and ground based 
control and display stations which will permit 
rapid changes in panel nomenclature and control 
outputs. 

45. END EFFECTORS AND SENSORS 

End effectors, that part of the manipulation that 
actually conducts the grasping or is involved with 
target object needs continued development. Both 
special purpose and qeneral purpose effectors and 
associated sensors are needed. 

46. TELEOPERATOR CONTROLLERS 


The technology of controllers for teleoperators is 
key to mans effective interaction with the machine. 
The flexibility of this control, the response time 
of control and the human engineering aspects are all 
important factors that must be advanced 


17 
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4 7 . WRIST MECHANISMS 

One key element of a manipulator is the wrist mechanism 
that attaches to the end effector. The flexibility and 
versatility of this item is central-along with the 
end effector itself- to effective manipulator operation. 

48. MINIATURE TV CAMERA 


Extremely small, manipulator mounted, T.V. cameras would 
greatly aid the operator in obtaining a realistic 
"sense of presence". The requirement for this type 
of TV instrument will be pursued further with appropriate 
sensor people. 

4 9 . IMAGE EN H ANCEMENT 

The enhancement of T.V. images presented to the operator- 
contrast enhancement, low and high level light exposures, 
etc., are necessary to handle the varied imaging conditions 
in space. Computer control of the enhancement process 
will provide great versatility. 

50. VIDEO SIGNAL COMMUNICATIONS 

Teleoperations using sophisticated T.V, displays for 
presenting information to the operator require high data 
rates and large bandwiths. There are many advantages 
for the overall Teleoperator system if technological 
"shortcuts" and advances can be conceived for getting the 
required information to the operator at reduced 
communications channel requirements. 


MPBOpucroaffv 

gkkxnm- Page 
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C. " 'NOLOCY REQUIREMENTS FORMS 

Th^ following are the 50 Techno! , Requirement forms 
gt aerated as part of the Na ig. n t Guidance and Control 
Weaving Group activities. 

I, Autonomous Operation •.-.••craft 

1. Low Cost Navicfat'. independent of NASA Tracking 
Facilities 

2. Approach Guidance from a .Spinning Spacecraft 

3. Scanning Laser 'Ldar 

4. Development of Low Cost Navigation Components 

5. Autonomous Guidance and Navigation 

6. Differential Very Long Baseline Interferometry 
( VLBI) and Pulsar Navigation 

7. Comet and Asteroid Ephenerides Improvement 

8. Cometary Intercept Navigation and Guidance 

9. Automated Spacecraft 

10. Robotic Decision Making and Planning 

11. Robotic Scene Analysis 

12. End Effector Sensors for Robot and Teleoperator 
Manipulators 

13. Unassigned 

II. Sensors 

14. Stellar II (Star Tracker) 

*15, Intensified Solid State Imaging Device 

*16, Charge Injection Device for Low Light Level Imaging 

17. Optical Standardization and Improve d Tube Design 
for Star Trackers 

18. Stray-Light Rejection 

19. High Resolution Long Life Inertial Refei *nce Unit 
*20, Cryogenic Gyroscopes for Space and Aircraft Navigation 

21. Continued Development of Digital Rebalance Electronics 
for Dry Tuned Rotor Gyros 

22. High Resolution Attitude Sensor 

23. Low-g Accelerometer Evaluation Facility 

24. Rate Gyro Package 

25. Redundant Strapdown Laser Inertial Measurement Unit 
( TM n ) For Space Missions 

26. Optical Correlator Landmark Tracker 

27. Video Correlator Landmark Tracker 
*28. Optical Inertial Reference 

29. Unassigned 
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B. Systems and Components 

30. Hard Lander Control System for Airless Planets 

31. Video Inertial Pointing System for Shuttle 
Astronomy Payload 

32. Attitude Control of Flexible Spacecraft Configurations 

33. Figure Control of Large Deformable Structures 

34. High Accuracy Instrument Pointing System for 
Flexible Body Spacecraft 

35. Spacecraft Surface Foice Control (SURFCON) and 
Attitude Control System 

36 . Radiation Attitude Control for Extended Life 
Planetary Missions 

*37. Fluid Momentum Generator 

38. Measurement and Control of Long Baseline Structures 

39. Magnetic Large Array Assembly and Shapi Management 

40. Unassigned 

.III. Teleoperators 

41. Space Teleoperator Technology 

42. Supervisory Control of Remote Manipulators 

43. Satellite Servicing 

44 . Multi-Purpose Panel 

45. End Effectors and Sensors 

46. Teleoperator Controllers 

47. Wrist Mechanisms 

48. Miniature TV Camera 

49. Image Enhancement 

50. Video Signal Communications 


* Referred to other working groups 


» 
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•» HATH A'ALK AND ANALYSIS: 


Many satellites require only modest navigation data or orbit determination 
data in order to perform broad surveys or station keeping missions. To 
meet these requirements it is necessary for ground based facilities to 
acquire, track, and determine orbital parameters. This requirement at 
times leads to conflicts when two or more satellites require simultaneous 
servicing. If the data from ground based navigation aids is useful, it 
may be possible for the satellite to provide its own on-board navigation 
with occasional checks from ground stations. Aircraft can get accuracies 
to 200 feet from these systems. Commensurate accuracies in near earth 
orbit could be expected with some degradation at higher orbits. 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 1 

l TECHNOLOGY REOUIREMKNT(TITLE): 

PAGE 2 OF 2 . 

Low Cost Navigation Independent of NASA Tracking Facilities 


7. TECHNOLOGY OPTIONS: 

Present tracking is adequate, but may become overloaded when the STS makes 
satellite laun:hes cheaper and hence increases the number of satellites. 


.V TECHNICAL PROBLEMS: 

Propagation characteristics are unknown, available signal strength, and use** 
ful frequencies are also unknown. 


<j. POTENTIAL ALTERNATIVES: 

Autonomous navigation using other techniques, which may or may not be as 
cheap . 


in. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

No advances anticipated unless planned survey missions turn up unexpected 
results. Such a pontential use as this may serve to justify and direct 
initial surveys. 

EXPECTED UNPERTURBED LEVEL 6 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Development of space qualified components similar to that used in aircraft. 
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TECHNOLOGY RHQLIREM ENTS SCHEDULE; 

CALENDAR YEAR 


SC HE Dll E ITEM 


TECHNOLOGY 

1. Initial Studies 

2 _ Design of Equipment 
for Survey flight 
3. Fabrication of Equip- 
ment 

1- Survey Flight 

5 # Operational Equipment 
Design 


APPLICATION 

1 . Design (Ph. C I 

2. Devl/I'ab (Ph. D) 

3. Operations 


3. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


•"> 1 76 77 7b 79 80 81 S3 83 \H 1 S3 s6 S7 «S 89 90 91 




11 REFERENCES; 


Comments and Observations: 

1. Determine if this idea has been investigated before. 

2. Coordinate this idea with other agencies such as FAA. 


15. LEVEL OF STATE OF ART 


1. IMSir THKNuMt NA OIVM P KM) REPORT! D. 

2. 1 III- OH'i H'ltMl U1I DIODIM Mlil Pill NOMINA. 

3. TrlKHO DM' D m PHMI’AI I M” RIMINI 

OK M \ 1 HI M \ riC M, Mi *IM I,. 

4. in HUM NT \ { V HON GHCII\i:\i n KISTir PI MONSTRATKD, 

K.(» , M UHiIM,, (''ATOM nt, I ’0. 


5. COMi’ONKNTUH ilTE Alt HOARD ItSTEDlN REIT VAM 

F.NV1RONMFN1 IN TIP \*A lu >UATl >RY . 

6. MODI 1, TES! I I) IN ADUMLU X X NVIRON.VI NT 

7. MODEL TESFI P IN M’V'I EM’IRONMINJ 

8. NEW CAPAHI11TY DI HIM D HMM A M'TI! LI NSl K 

OPERATIONAL MODEL 

9. RKLLAHILITA LPi.KAPIM. OF \N OPl RA I H ’N \ ) MODEL. 

10. LIFETIME EXTENSION OK AN ni I RATION ^ ’ MODI L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 TECHNOLOGY REQUIREMENT (TITLE): Approach Guidance 
from a Spinning Spacecraft 

>. TECHNOLOGY CATEGORY: Guidance and Control 


PAGE 1 OF 


OBJECTIVE/ ADVANCEMENT REQUIRED: Increase accuracy anU stability of 

sensors and spacecraft to achieve precise measurements from spinning 

spacecraft . 

L CURRENT STATE OF ART: Earth orbiting spacecraft have included star and 

horizon sensors. 

____ — BEEN CARRIED T Q LEVEL t 


5. DESCRIPTION OF TECHNOLOGY 


Approach guidance measurements will require an extremely stable spacecraft 
platform and extremely accurate angular measurements of point sources and 
extended objects. Current spinning spacecraft are not designed for extreme 
spin stability. Current sensors cannot accurately measure the position of 
extended objects. 


P/L REQUIREMENTS BASED ON: □ PRE-A, 0 A,Q B,Q C/D 


<: RATIONALE AND ANALYSIS: 

a. Spacecraft platforms must be stable to 20-30 micro rad. during 
approach guidance measurements. Measurements must be performed 
during approach to Uranus and Titan at distances where the 
target is an extended object. 

b* Pioneer Uranus Entry Probe, Pioneer Titan Probe Missions. 

c # Without approach guidance, probe targeting must be based on existing 

Ephemeris predictions, which are not accurate enough to assure safe entry 

d. Sensor accuracy can be demonstrated by analysis and lab tests. 

Spacecraft stability must be demonstrated by simulation. 






DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2 

1 . TECHNOLOGY REQUIREMENT(TITLE): Approach Guidance PAGE 1: OF 

from a Spinning Spacecraft. 

7 . TEC HNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

Sensor which achieves 50 micro rad. accuracy while measuring extended objects. 
Spacecraft design approach to achieve 30 micro rad. stability to spin axis. 


!). POTENTIAL ALTERNATIVES: 

Improvement of Ephemeris of Uranus and Titan would allow Earth-based radio 
guidance to be used for Probe targeting. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 





DEFINITION OF TECHNOLOGY REQUIREMENT 

1 TECHNOLOGY REQUIREMENT (TITLE): 

Approach Guidance From a Spinning Spacecraft 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis 

Design 

IL Simulation 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ l-'ab (Ph. D) 

3 . Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


II REFERENCES: 


LEVEL OF STATE OF ART 

1. RASIT PHKNOMt NA OHM- RVt D AND 'IFPORrj.D. 

2. THEORY tORMCLAIt l) in I)ts( KIM «’!II M >Mfc NA. 

3. theory n mi n by physical i \w kimf nt 

OK M Mill M \ riC'AL MODI !.. 

4. PLK'IIMNT H N(’TlON OR (M1AKA( IT RISTIC Of MONSTRATK D ( 

F.O. . MATMd M.. ( ( >VpO\fc NT, fc ! ('. 



5 . COM PON ENT OK RRE AO BOARD TESTED IN RFI.fc.VANT 

F.NVIKONMFN1 IN THfc LAIWW1VHY. 

6 . MODfc.L TESIfc DIN AIRCRAfcT fc NVIRONMfc NT. 

7. MODEL TF.STI D iN SPACE F.MT RONMfc NT 

8 . NEW CAPABILITY DI HlVl.D FROM A NP’CH Lfc.SijER 

OPERA 1 ION A I . MODLI.. 

9. RELIABILITY UPORA DISC, OF \N OPERA I B NAI MODfc.L. 
10. LIFETIME EXTENSION OF AN O! 1 RATION \T. MODfc L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 3. 


1 TECHNOLOGY REQUIREMENT (TITLE): Scanning Laser Radar PAGE 1 OF 


1L TECHNOLOGY CATEGORY: Guidance Control and Stabilization 

;U OBJECTIVE/ ADVANCEMENT REQUIRED: T o develop a scanning laser radar 
for rendezvous and docking in space. Determine the design requirements and 

investigate possible laser sources, 

L CURRENT STATE OF ART; Carbon Dioxide (C0 2 ) and Gallium Arsenide 

(GaAs) laser sources are being considered. 

HAS BEEN CARRIED TO LEVEL 


DESCRIPTION <>I TECHNOLOGY 


A design of concept of CCo laser radar is in progress. Studies are con- 
centrated on performance improvements, lower power demands, and suitable 
material to be used for the reflective optics. GaAs material is being 
studied and being weighed against CO 2 as a laser source. Applicable 
supporting electronics is under study, design and test. 


P/L REQUIREMENTS BA SED ON: □ PRE-A, □ A,0 B,d C D 

G KATE >\A1 F AND ANALYSIS: — — 


A scanning laser radar (SLR) is required to provide an automatic system 
for rendezvous and docking of space vehicles. The SLR can provide 
range, rangerate, angle and angle rate as a navigational aid to a manned 
rendezvous and docking system. The SLR can also be used for docking 
with systems that have no retro-reflectors. Further study is required 
in this area; also further trade studies arc required on possible laser 
sources. 


TO BE CARRIED TO LEVEL 


1 

j 

i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 3 


1 . TECHNOLOGY REQUIREMENT(TITLE): Scanning Laser Radar PAGE 2 OF J. 


7. TECHNOLOGY OPTIONS: 

Utilize non-cooperative rendezvous-to-docking tracking systems (RF system). 
Utilize TV cameras with star sensors and navigational updates from ground 
tracking, navigational satellites, or landmark trackers. 

The SLR system is the only completely automatic system to satisfy rendezvous 
and docking. 


S. TECHNICAL PROBLEMS: 

Evaluation of both CO2 and GaAs as laser sources and determine the best 
material that may be applied to a rendezvous and docking scheme. 

y. POTENTIAL ALTERNATIVES: 

Same as 7. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Applicable to the NASA Space Tug Program. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None Known. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 3 


1 . TECHNOLOGY REQUIREMENT (TITLE):. 


PAGE 3 OF 3 


Scanning Laser Radar 


13. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 




76 


77 


78 


79 


80 


81 


82 


83 


81 


83 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. CO 2 and GaAs evalua- 
tion 

2 . Design System 

3. Test & Qualification 


4. 

5. 

APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


18. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 

■ 

■ 

■ 

X 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


NUMBER OF LAUNCHES 

■ 

■ 

■ 




1 






L 



LJ 

u 



11 REFERENCES; 


Contract Nos.. 


NAS 8-30543- IBM 

NAS 8-30738- Norden Division of United Aircraft 


1 5. LE VE L OF STATE OF ART 

!. »AM< PHKMiMt NA OHM* HVt I> AND RFPOKTM). 

2. TIIFOHV KHtMl LAl M> 1* > i>I st K! Ill PHI SOM* NA. 

3. TflM«l:v HMIDMV PH\ >K'AI, I \ PI HIM* NT 

ok m \iiii m \ nr Ai modi i.. 

4. PJHIIMM K N( In >\ OK < HAILV IT HIST If l>* MONSTRATK D. 

F.r, . \l\imm . m v p< y,y M t y i c. 


5 . COM PON* NT Ok RREA1> BOARD I tsTKD IN R* 1 EVANT 

ENVIRONMENT IN TIW LA(« )RAU»KY . 

6. MOD* L TEN"! M) in AIRCHAM * N VIR( )NM I NT . 

7. MODEL TEST1 P t N MW* * NVIRONM* N| 

8. N*W CAPA1UI l TV I >1 H«Vi D MMM A V'X I! L* SbEK 

OPERA! ION Ai. MODL!,. 

9. RKLIAMIEITV uPirRADIM. O* DPI RA i l< N\l MODEL. 
10. LIFETIME 1 XT* NMON O* AN Ol 1 RATION M<)I>M 
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DEFIN1TK )N OF TECHNOLOGY REQUIREMENT NO. A 


l TECHNOLOGY REQUIREMENT (TITLE): Development of Lqm_,_ PAGE 1 OF 


Cost Navigation Components 


TECHNOLOGY CATEGORY: Navigation 


OBJECTIVE/ ADVANCEMENT REQUIRED: To reduce the cost of gyros and 
accelerometers by developing components which have lower inherent cost. 



i Cl, HRENT STATE OF ART- The cheapest inertial quality gyros today cost 

approximately $7,000; accelerometers cost 

approximately $l,500-$2,500 each. 


HAS BEEN CARRIED TO LEVEL _ 


5. DESCRIPTION OF TECHNOLOGY 


Present efforts to develop low cost inertial systems are hampered by the 
fact that many present day components were developed with performance as 
the prime goal and cost secondary. In doing this many inherently cheaper 
concepts have been discarded because they lacked the potential for 
refinement. There are many applications today which require modest 
accuracy, but very low cost to make them economically feasible. 


P/I, REQUIREMENTS BASED ON: □ PRE-A, □ A,Q B,D C/D 
(i RATE >\AI.K AND ANALYSIS: 


For the last two years ( FY 7^+ & 75) there has been very little R & D 
support for the development of new inertial components (other than in- 
house company funds which have mainly aimed at improving older products). 
There are presently two concepts-one based on a multisensor using tuned 
rotor technology (Teledyne) and a second concept tracking vibrational 
modes in a solid, fixed structure which hold much promise and should 
be funded. 


u^KWDUOiULllV UF HIE 

QRI4KNAL PA »£ 0 POOR 


TO BE CARRIED TO LEVEL 




DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 1* 

1. TECHNOLOGY REQUIREMENTITITLEL Development of Low 

PAGE 2 OF 3_ 

Cost Navigation ComDonents 

7. TECHNOLOGY OPTIONS: 



There are presently at least two potential low cost techniques that show 
significant promise. Others would probably appear if more funding were 
available. 


H. TECHNICAL PROBLEMS: 

This "Definition of Technology Requirements" is for basic development. The 
technical problems are often unknown; however, both concepts have been 
carried far enough to know they work. High quality prototype instruments 
must now be built to evaluate how well they work and their critical features. 


!). POTENTIAL ALTERNATIVES: 


No change from present programs. 


HL PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Unless outside funding becomes available the only changes in the state of 
the art will be minor products improvement. The strapdown systems under 
development today already have their cost figures built-in. 


EXPECTED UNPERTURBED L E VE L 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY HEC^ltlRKMENT 


NO. 4 


TECHNOLOGY REQUIRFMENT (TITLE) : 

Development of Low Cost Navigation Components 


>AGE 3 OF 3 



APPLICATION 

1. Design (Ph. C> 

2. Devi/ Fab (Ph. D) 
:>. Operations 


USAGE SCHEDULE: 


I’ECIINPLOGY NEED DATE 
NUMBER OF LAUNCHES 


RE FERENC ES; 


1. Spin coupled accelerometer gyro (SCAR) TDN-200 strapdown Inertial system; 
Teledyne systems company report (proprietary) March 1975. 

2. The Sonic Gyro; Delco Electronics (proprietary) August 1974. 


Observations : 

This technology may have more significance to aircraft. 


1 5. LE VE L O F STATE O F ART 


1. HAM* J’HF \u\\t W * KW !> \M> Ml I* HU 1 D. 

2. TltHHU f"HM! Utlli 1d|)[ vij/hl ;-! 1 |vm\hna. 

3. 1 ill < >1 , II Ml h 'Pi 1‘H'i MCA! l \l*l U1M1M 

DK MUIU M\IlU\l Mi >i ' ! 

4. MM ||D\U 1 (| 1I\I:\| ri msur i>i monstratkd, 

i m \ 1 1 Li vi ( ■ ) .t ' i in. 


3. COM lONl NT OH Mill Al>l*>AkI> lOfHHN KHJVAM 
F.NV1KOSMIN! IN 1 Hi LAUnKWHY 

6. MODI l. Tl n ' H> IN AIR< RAM 1 SMK« >SV I M 

7. Moon, tfsii p i\ ni>v » t r.vifp *: 'UM 

0 . Nl w CAPAIU 1 \r\ P* R‘\ I I> 1 I ’ 1 2 3 4 >M A V' I! 1 l K 
OPFRA1K»NAl >1)1 l 

HI MAHII.IT> RANIS* ul V OIMRA.M n\I MI 'Pit. 
10. LIHTIMk l XT! NM*>S Ol AN «»J I lulior- > ■ Mul'M. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. _5 


t TECHNOLOGY REQUIREMENT (TITLE); Autonomous Guidance & PAGE 1 OF 3 
Navigation 

2. TECHNOLOGY CATEGORY: Navigation 

OBJECTIVE/ ADVANCEMENT REQUIRED: Suable s/c measurements to be 

collected and processed with resulting maneuvers and/or science sequence 

modifications executed. 

I. CURRENT STATK OF ART: All measurements are processed on the ground 

and command decisions are real time or pre-programmed from the ground, 

HAS BEEN CARRIED TO LEVEL ^2 

.*) . DESCRIPTION OF TECHNOLOGY 

Development of s/c system that is initiated by ground command or by pre- 
programming. When activated it will use an optical sensor to detect 
the position of an extended target body in relation to a star background. 

These measurements will be processed to determine the orbit and a decision 
will then be made to execute a trajectory correction maneuver, if 
required, and/or to adjust or modify a pre-planned target related science 
sequence. 


P/l. REQUIREMENTS BASED ON: □PRE-A.Q A,Q B,C] C D 
'« RA I'D >NAI.F AND ANALYSIS: 


This capability allows short reaction-times to be accommodated at large 
distances from the earth even when the round-trip light time becomes 
equal to or greater than the available reaction time between latest 
required observation and latest possible corrective action initiation 
Thi« capability then allows extreme accuracy required for close approach 
gravity swingby's to be performed near outer planet satellites and enabj.es 
a class of missions which could not be done with total earth-based 
control. 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


5 


I TECHNOLOGY REQl’lHEM ENT(TITI.E) : PAGE 2 OF JL 

Autonomous Guidance & Navigation 

7. TECHNOLOGY OPTIONS: 

I. Acquisition and Tracking of a target body. 

II. Measurement of target body position relative to star background with 
orbit determination and trajectory correction maneuver logic. Also 
capability of adjusting a pre-programmed science sequence if required. 

III. In addition to above, also capable of redesigning a pre-programmed 

science sequence. Also capable of detecting a target of opportunity, 
e.g., an asteroid, with logic to make decision to change trajectory 
and devise a science sequence for it. 


TECHNICAL PROBLEMS: 

I. Sensor metric accuracy plus ability to handle wide dynamic range of dim 
star and bright extended target body. 

II. On-board computer capability to handle calculations 

III. Softward development to perform tasks: a.) in on board computer environ- 

ment, b.) in presence of noise, anomolous data, blunder points. 


!». POTENTIAL AI/I E UN ATIYKS: 

Less abmitious missions that do not require the high navigation accuracy, 
-longer mission lifetime for same science return. 

-less science return for a given mission lifetime. 


lo PI. ANN IT) PROGRAMS OR { NPKRTTRBKI) TECHNOLOGY ADVANCEMENT: 

JFL Guidance and Navigation for Unmanned Planetary Vehicles (RTOP 
506-19-21) is developing plans for a partial flight/ground demon- 
stration and for laboratory demonstrations. 


EXPECTED CNPERTCRBED LEVEL 

! 1 . RELATED TECHNO! OOY KECJITKEM ENTS: 

Spacecraft computer development. 

High metric accuracy sensor with wide dynamic range development. 

Orbit estimation software development. 

Multiple maneuver strategy development. 
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1)K1 LNITION OK TECHNOLOGY KEQITHEMENT 

NO. 5 

i '] EC HNOl.OGY HE^l THEM ENT (TITLE): 

Autonomous Guidance & Navigation 

PAGE :i OK 3 

U. TECHNOLOGY KKQl 1UE.M ENTS SCHEDULE: 



CALENDAR YEAR 




15. LEVEL OF STATE OF ART 

1. hamc rm m na okmkw p \m> 'ifi’okiid, 

2. T1IMHO M *KMri w \ 1 1 I> 1 0 1)1- S( It! hi l'!ll NOMINA, 

3. VrlHUJ’i Tlsiin IMlWi AI I \ Pf KIMf NT 

ok m \ i iii m \ nr u Mom i. 

4. PIHIIMM IlM I it »N OK I ilAKAf rr HIST IT [)Y MONSTRATED, 

F , Mm KIM , n "TOM M , I M . 


5. COM i'ONKMT OK HKEAPHOARP \Y Ml D IN IU U VANT 

f.nvikonnuni in t;u uuw'kaioky. 

6. MOPM. TFM H) IN A1HCRA H \ NMRONMI N - ) 

7. MODEL TEST! P iN M>\CI LN VIRt >N M F N 1 

8. NEW CAPAMllTY Pi H’VrP Y IM A M"lT II NNhP 

orERAI lONM. MODL I. 

9. RELLAfllUTY PP< , RADI VC Of ^ UP! HAiH'N\’ MODl.l,. 
10. LIFETIME Y XTFNMON OF AN <>M RATION O. Mol 1 ! I.. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. _6 


1 TEC UNO I OGY REQUIREMENT (TITLE): Differential Very Long PAGE 1 OF 

Long Base-xine Interferometry (VLBl) and Pulsar Navigation 

1. TECHNOLOGY CATEGORY: Navigation 

' )BJ Et’TlYE / ADVANCEMENT REQUIRED: Increase the accuracy with which 
spacecraft can be tracked and located 


1 . Cl RRKNT STATE OF ART: Accuracy limited by lov declination, planetary 

ephemerides, and large distances from earth 

HAS BEEN CARRIED TO LEVEL 3 


r, . DESCRIPTION OF TECHNOLOGY 

I. Differential very long "baseline interferometry (VLBI) consists of 

inter ferometrically tracking first the s/c and than an extra-galactic 
source, thus fixing the s/c target relative coordinates to he inertial 
coordinate system. This allows subsequent flights to be carried out 
to greater accuracy. 

II. Signals from several pulsars are received rad recorded at the s/c and 
also at the earth. Subsequent signal correlation allows spacecraft 
orbit determination accuracy which does not degrade with increasing 
distance from the earth. 


P L RKQUIREMI NTS BASED ON: □ PRE-A , □ B,Q C D 

• ' RATIONALE AND ANALYSIS: 

I. VLBI Measurements made with s/c is on or near another planet allows 

that planet’s ephemeris to be improved significantly. The differential 
data technique proves to be sensitive to error sources such as charged 
particles, non- gravitational forces, low declinations which limit the 
radiometric tracking accuracy. 

II. Several pulsars must be located by the s/c and also by a ground station 
on the earth. The received signals must be recorded, with accurate 
timing, and subsequently played back to a common center, where they are 
correlated. The resulting s/c position determination accuracy will be 
independent of the s/c earth distance, 

III. An o ..ternate technique which would be a next step in the development of 
autonomous s/c, would be to have a catalog of pulsar characteristics 
in an on-board memory so thal the correlation could be clone on the s/c. 


TO BE CARRIED TO LEVEL 
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1)1,1 INITION OF TECHNOLOGY REQUIREMENT NO. _J_ 


1 TKCHNOl OGY REQUIREMENT (TITLE): Comet arid Asteroid PAGE 1 O r -' J_ 

Kpheme rides Improvement 

J. TECHNOLOGY CATEGORY: Navigation 

• >. ulLJECTIVE/ ADVANCEMENT REQUIRED: More accurate comet and/or as te roid 
ephemerides will improve the currently limiting error source for these small- 
body missions 

L Cl RRENT STATK OF ART: Astronomical » optical observations are not 

systematically carried out 

HAS been carried to level 


DESCRIPTION OF TECHNOLOGY 

I. More systematic observation schedule would avoid missing potential 
observations. 

II. Utilization of radar bounce data would add a new dimension to the 
observations . 

III. An autonomous "Search-Satellite" could provide early warning to 
start observations of new comets or asteroids. 


P/L REQI IREMI NTS BASED ON: Q PRE-A.Q A,Q B,D C D 
fl RATIONALE AND ANALYSIS: 


Information relative to the origin of the solar system is expected to be 

found on comets and asteroids. 

Better knowledge of the ephemerides of these small bodies will allow 
missions to be planned and carried out. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REgi'IREMENT NO. 

I TEC1INOI OGY REQL IREMENT (TITLE): PAGE 1 OF _£ 

Cometary Intercept Navigation and Guidance 

J. TECT1NOLOC.Y CATEGORY: Navigation 

1 ‘BJKCT1VK/ ADVANCEMENT REUFIRED- Rendezvous capability with bodies 
having ooorly defined trajectory 


l. Cl RRENT STATE OF ART: Trajectories of bodies must be known with great 
precision before spacecraft is launched. 

HAS BEEN CARRIED TO LEVEL 


DESCRIPTION Ol- TEC HN( M.OGY 

Rendezvous with poorly-defined trajectories requires very high energy 
velocity states with very efficient navigation and the capability for 
frequent trajectory correction. 


P / I. REQUIREMI NTS BASED ON: □ PRE-A.Q A, □ C D 

•i I! \ 1 11 »\ALI AVI) ANALYSIS: —— 


Very few comets have trajectories that are known prior to comet detection, 
and it requires a significant time to establish the trajectory after sight- 
ing a comet, often leaving too little time for a spacecraft to rendezvous 
using conventional techniques of near minimum energy. The availability of 
a high-energy probe will greatly expand the number and frequency of available 
comet encounters . 


ktiFKUlJUCiMILITY Ui- in. 
ORIGINAL PAGE IS POOR 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 8 


1 . TECHNOLOGY REQUIREM ENT1TITLE1: Cometary Intercept PAGE 2 OF 2 

Navigation and Guidance . 

7. TECHNOLOGY OPTIONS: 

Restrict the cometary intercept opportunities to those few comets that 
can be accurately predicted. 


* . TEC I1NIC AL PROBLEMS: 

1. Obtaining maximum propulsive impulse through use of high specific 
impulse fuels and solar sailing. 

2. Development of optimal navigation strategies and their mechanizations. 

1). POTENTIAL ALTERNATIVES: 

None . 

in. r FANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Electric propulsion and other high-impulse propulsion projects. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Comet sensors for rendezvous. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. £ 


1 . TECHNOLOGY REQUIREMENT (TITLE): Automated S/C. PAGE 1 OF _2 

| 2. TECHNOLOGY CATEGORY: 

OBJECTIVE/ ADVANCEMENT REQUIRED- Increase capability of spacecraft 
to perform complex, self-contained tasks. 


1. CURRENT STATE OF ART: Present S/C are controlled largely through 

ground command or pre-stored programs. 

_____ HAS BEEN CARRIED TO LE VELIO. 

.3. DESCRIPTION OF TECHNOLOGY 

Development of spacecraft which will be able to interact with the environment 
and perform tasks involving qualitative decisions. Included are such tasks 
as orbit changes, instrument pointing and control, autonomous manipulation 
and roving vehicle control. Areas of development include the structure of the 
control elements, the process of decision making (problem solving), interac- 
tion between the spacecraft and the human controller, techniques for computer 
controlled manipulation and roving vehicle control. 


P/L REQUIREMENTS BASED ON: □ PRE-A , □ A,n B,n C/D 
(i. RATIONALE ANT) ANALYSIS: 

Two basic physical limitations force the development of autonomous S/C. 

First there is the time delay between S/C and earth at large interplanetary 
distances. Second is the bandwidth needed to supply the information human 
operators need to maintain detailed control of the task. To overcome these 
two problems, spacecraft should have the ability to perform complex detailed 
tasks, leaving the human operator to exercise supervisory control. As mission 
requirements become more complex, spacecraft will either become more complex, 
or several spacecraft will be flown, each doing part of the mission. Either 
case will be costly in terms of dollars and reliability, requiring altematiire 
methods of S/C control. 


TO BE CARRIED TO LEVEL 
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H. TECHNICAL PROBLEMS: 

I. Computing capability. This should be resolved by future computer 
developments. 

2. Software generation. Application of structured programming is required. 

3. Vision requires sensing and interpreting environmental data for a world 
model. 

U. Control structure — the hierarchy of control elements. 

5 . Vehicl e control- roving vehicle guidance on joumies of lOCfe of km. 

!). POTENTIAL ALTERNATIVES: 

Alternative methods of performing bandwidth limited or long range missions are: 

1. Manned S/C. 

2. Limited purpose S/C, with several types of S/C used for each mission. 

3. Complex S/C pre -programed for every foreseen option. 

U. Automated S/C. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

JPL Robot Research Program involved in producing an integrated, automated 
vehicle. Low level development program aimed at producing technology in 
the mid 1980' s. 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 


1. Computer architecture. 

2. Vision sensors. 

3. Information processing: 

U. Manipulator design. 

5. Man-machine relationships (Graphics, etc.) 
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DEFINITION OF TECHNOLOGY REQF1REM ENT NO. 10 


1 TFG1LNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 1 

Robotic Decision Making and Planning 

J. TFGILM >L( )( • Y CATEGORY: Automated Spacecraft 

. ' )P J ECTIVE / ADVANCEMENT REQUIRED: Ability to plan and implement a task 
or series of tasks once a high level supervisory command statement has been 

sent to the robot. 

!. C l RRKNT STATE OF ART* Only simple , limited ta sk planning and execution 

is possible with today's technology, 

HAS BEEN CARRIED TO LEVEL 


:>. DESCRIPTION <>I TECHNOLOGY 

Even a primitive robot must have certain capabilities related to decision 
making and planning. The fact that a robot can complete a task automati- 
cally implies that it has some internal representation of a goal, perhaps 
expressed as a state of the machine and of its environment, and that it 
possesses some built-in criteria for deciding that the goal has been 
reached. Then, given an initial state and desired final state, the robot 
must be able to make a plan — that is, a sequence of action of sensors and 
effectors that will achieve the final state. 


p/L REQITREMI- NTS BASED ON: □ PRE-A, □ A,d !*,□ C D 
<> RA !']< >\Al F AND ANALYSIS: 


Decision making and planning are functions that human beings perform 
rather effortlessly and well. Very little is known about how to automate 
them. An implicit assumption in most current teleoperator work is that 
human beings will make the decisions and plans that affect what the remote 
system does and how it does it. This assumption will at first also be 
valid for robots for all but a few sensor and motor functions, but there 
is motivation eventually to delegate some additional decision-making and 
planning responsibilities to the remote machine to make it more independent 
of earth-based surveillance. If such a degree of autonomy could be achieved, 
it would benefit some earth and near-earth applications as well. 




TO BK CARHIKI) TO I.KVK1. 
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DEFLNITK )N OF TECHNOLOGY REQUIREMENT NO. 11 


1 TECHNOLOGY REQUIREMENT (TITLE): I’AGE 1 OF !_ 

Robotic Scene Analysis 

2. TECHNOLOGY CATEGORY: Automated Spacecraft 

OH-J Kl’TIVE/ ADVANCEMENT REQUIRED- Automatic analysis of sensor data 
(usually pictures) to allow the robot to develop a model of the surrounding 

environment . 

I CURRENT STATE OF ART: Automatic analysis of well defined objects on 

a contrasting, uncluttered, background is possible. 

HAS BEEN CARRIED TO LEVEL 


DESCRIPTION OF TECHNOLOGY 

For a robot to operate autonomously it must develop a model of its surround- 
ings. This model, located in the robot's computer, will allow save move- 
ment from place to place and permit the carrying out of commanded functions 
(pick up rock located at a specific location, etc.). Scene analysis, which 
is closely related to the function of perception, involves computer dissec- 
tion of pictures, combination of this data with other sensory data from 
instruments such as laser range finders and construction of a 'Vorld model". 
This model is continuall’* updated and corrected as the robot moves in carry- 
ing out its tasks. 


P/L REQUIREMI NTS BASED ON: □ PRE-A, □ A,Q B,Q C D 
<i KATlnxAl F AND ANALYSIS: 


In robotics, a central long-range objective is to automate as much of the 
function of perception as is possible. If this sensorimotor control con- 
trol loop can be closed locally, through the machine rather than through 
the human operator, the amount of sensory data (largely pictures) that 
must be transmitted back to the human supervisor can be greatly reduced, 
and the downlink communication channel used more effectively for other 
control and scientific purposes. 


TO BK CARRIED TO LEVEE 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. n 


1 . TECHNOLOGY REQUIREM ENT(TITLE): Robotic Scene Analysis PAGE 2 OF Z. 



M. TECHNICAL PROBLEMS: 

The analytical models required to dissect the input data in real time or 
near real time are extremely complex and poorly developed. The development 
of models that are not only correct and provide a useful world model but will 
operate with the robots available computer size is a major problem. 


!). POTENTIAL AI TFKNATIVFS; 

Continue to operate in the less efficient teleoperator mode where picture 
analysis and the integration of other sensor data is done by the human operator. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
RTOP 506-19-31 Artificial Intelligence 

RTOP 506-19-32 Artificial intelligence for Integrated Robot Systems 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Artifical intelligence, vision, perception, T.V. scene analysis 
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DEFINITION ()F TFCIINOI.OCY RIX/l 1REMENT 

NO. 

12 

1 TFCIINOI OGY RKOI 1REMENT (T1TI EL End Effector Sensors 

. PAGE 1 

OI' I_ 


For Robot And Tel eoperator Manipulators 

i TKcn.Nt m.pgy CATEGORY: Au tomated Spacecraft and Teleoperators 

I * )l» JIX'TIX i:/ ADVANCEMENT RKufikei): To develop end effector sensors 
• that give a "sense of presence" to the human operator or the robot computer 

to more easily carry out the required task 

I . ci uuknt statk of ART: Limited touch, force and proximity sensors 

are now av ailab le. The ir effective integration into t he systems has not been 
achieved. HAS BEEN CARRIED TO LEVEL 

DESCRIPTION OF TECHNOLOGY 

Various types of sensors can be used on end effectors of remote manipu- 
lation process. Touch sensors, force feedback senoors, optical proximity 
sensors and variou pressure sensors can all be used for this purpose. The 
presentation format of this data to the teleoperator operator or to the robot 
computer and how this data should be interpreted and used by the operator and 
computer are major technology problems. 


P I. REQLIRFM I NTS BASED ON: □ PRK-A.Q A, C) B ’^ C l) 

<; liA l'l< >\ A 1 I A\l) ANA! YS1S: 

Without these end effector sensors it is often difficult or impossible to 
determine the location of the effector with respect to the object being grasped. 
Contact with the object of interest may be too hard— damaging it— or too light 
causing it to be dropped. In any event, making proper contact without these 
sensors will greatly increase the time reauired to perform a given task. 


TO BE CARRIED TO I.FYFI, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. i£ 


1 TECHNOLOGY REQUIREMENT (TIT. E): RAGE 1 OF J_ 

STELLAR II (Star Tracker) 

■>. TECHNOLOGY CATEGORY: Spacecraft Attitude Control 

OBJECTIVE/ ADVANCEMENT REQUIRED: Radiation hardening anc Increased 

reliability and lifetime of spacecraft attitude control star tracker. 


, CI KKENT STATE OF ART: STELLAR, utilizing solid state CCD image sensor 

and microprocessor for signal processing. 

HAS BEEN CARRIED TO LEVEL 5 


DESCRIPTION OF TECHNOLOGY 

STELLAR II is an internally redundant, radiation hardened and fault 
tolerant CCD star tracker; a direct outgrowth of the STELLAR star 
tracker now under development. STELLAR incorporates several hundred 
integrated circuits, microprocessor and a CCD. In numerous cases single 
point component failures could generate catestrophic tracker failures. 


I> L REQl'IREMI NTS BASED ON: □PRE-A.D A,Q U.d C I) 
<i RA l'l< >NA| I AND ANALYSIS; 

STELLAR II will achieve a major increase in reliability and lifetime, 
consistent with the full-time operation, mission-critical role of the 
star tracker through radiation hardening and fault tolerance. Radia- 
tion hard components will be selected and shielding included as 
necessary. The CCD imager will be capable of bi-directional readout, 
thus bypassing a failed readout register or on-chip amplifier, and the 
signal processing elements will be redundant, capable of self test, and 
reconf igurable to bypass failed logic or memory elements. All operating 
parts will be integrated circuits stressed to a low level. 


TO BE CARRIED TO LEVEL 


i 

\ . 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 1U 

1 TECHNOLOGY KEOWKKMKNTITITLEI: STELLAR II 

PAGE 2 OF 3_ 



TECHNOLOGY OPTIONS: 


An alternative option is to use tvo block redundant STELLAR units, and 
a switching circuit. The second unit would not be turned-on unless 
the first had failed. 


^ . T EC 1 1 N IC A L PROB LE M S : 


Little is known at this time about radiation hardness of CCD's, 
Shielding may be necessary. 


h. POTENTIAI ALTERNATIVES; 


Block redundant sensors. 


PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


VIP - STELLAR, star mapper and tracker intended for SIRTF, also 
planetary mission STELLAR 


EXPECTED UNPERTURBED LEVEL 


• RELATED TECiiNol < >( 1 Y REQUIREMENTS: 
3elf test and reconfiguring software. 
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DKI IMTICN OF TECHNOLOGY ItEgiTREMENT NO. 15 

1 TECUM >1 OC.V KKgi IK EM ENT (TITLE): PAGE 1 OF _1_ 

Intensified Solid State Imaging Device 

TFC1IN< >1.( H'.Y CATFC.OKY: Imaging 

' M> I FCT1\ L/ ADVANCEMENT KEOFIKED: Develop a low light level, solid 

state Imaging device by integrating a "CID" imaging device with an imaging 
intensif ier . 

i . (’i KUKXT STATE ( )E ART; CID devices have been built but have not been 
integrated with image intensifiers 

HAS BEEN CARRIED TO LEVEL 2 

‘». DESCIilHlH >N mi 'I ECliNULOC.Y 

A technique for increasing the sensitivity of "Charge Injected Devices" 

(CID) imaging devices in order to more completely take advantage of 
their ruggedness, size, weight, and low power consumption. These devices 
will be strong competitors to present low light level, tube type systems. 


V L REQIIREM! NTS BASED ON: □ PRE-A , □ B,C] C D 

C M \ n« »\Al r AND ANA I VSIS: 

(a) As the resolution of solid state devices increase, devices such as 
the CID will begin to replace tube type imaging devices. As the 
sensitivity of CID type devices is increased, by integration with 
intensifiers, intensified CID f s could replace all tube devices. 

(b) The great advantages of the solid state imaging devices are: 

1. Elimination of a heater element. 

2. Very small size, compared to an equivalent tube device. 

3. Light weight. 

4. Ruggedness, due to the elimination of electrodes. 

5. Elimination of magnetic fields. 


TO BE CARRIED TO LEVEL 









DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 15 


1 TECHNOLOGY REQUIREMFNT(TITLE): Intensified Solid State PAGE 2 OF 2 

Imaging Device 

7. TECHNOLOGY OPTIONS: 

(a) Continued development and improvement in tube type imaging 
devices. 


x. TECHNICAL PROBLEMS: 

(a) Contamination of the CID silicon chip by materials from the 
intensifier photocathode. 

(b) Damage to the CID by high energy particles within the system. 
!). POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 15 


TEC FINCH OGY RKOUIRKMENT (TITLE!: . 


PAGE :> OF 


Intensified Solid State Imaging Device . 



9 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

7G I 7t| 78 1 79 1 80 ! SI 82 I 8.i| 8 ! so I 1 87 «K S') DO 91 


SCHEDULE ITEM 


TECHNOLOGY 

Analysis & Design 

2. Fabricate Test Model 

3 * Test 

Evaluation 

Report: Results 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4 . 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DAT! 
NUMBER OF LAUNCHES 


14 REFERENCES; 

Observations : 

1 . Sent to Sensors Group for Consideration. 



15. LEVEL OF STATE OF ART 


1. IlASir PHKNOMI NA OHSKRVl I) ANI) '-FPOIlThD. 

2. THEORY KIHMfLATKl) TO DtM It: !«• PIlINOMtNA. 

3. THKorn iKsrm n\ piiymcai. ixpkkimknt 

OK MATIIKMATU'AI. MODI I.. 

4. PKKTIM.N T H NOTION OH CIIAKAI TERISTIC DKMONSTRATED, 

F.O., MAThHtAL, (’UVl’OMM', LK'. 


5. COM iONFNT OR JtRKAPROAKP It Si hi) IN RF1.FVANT 

F.NVIKONM1 N I IN Till t.AnolUTOKY. 

6. MOPhl. ThSI 1- I) IN AIRi 'KAH h N VI HON MI NT . 

7. MODFLTFSTI 0 iN SPA<T h N VIKONMf N J 

8. NMV CA PA ) U 1 .1 HI HI VI I) HR >M A M»’OI 1,1 SRKK 

OPFRA1 IHiNAI. MOl)LK. 

9. RKLlAHILm iIP<,KAI>INt. Of \M>P* RA I l< >NA1 MODKl. 

10. LIKETIMK \ XTF NSION OF AN OH RATION v' 






DEE1MTK >N OF TECHNOLOGY RETIREMENT NO. _ lo __ 

l TEOIVM oiiV KEQl IKEMENT (TITLE): Charge Injection PAGE 1 OF _L 

Devices for Low Light Level Imaging 

j. TECHNOLOGY CAT KOOKY: Imaging 

o i j e C T 1 V E / A 1 ) V A N C E M E N T REQUIRED: Dev e lop high performance, long life 

detectors for low light level sensors to super »de the conventional, high 

voltage photocathode tube. 

i. Cl KKKNT ST’ATK oE ART: Small arrays in comnercial TV cameras. 


HAS BEEN CARRIED TO LEVEL 


I)ESC III I ’TK »N < >1- TECHNOLOGY 

(a) Fabricate a Charge Injection Device (CID) for use as an optical sensor in a 
solid state star tracker. Modifications of existing commercial CID's will 
improve resolution, sensitivity, and uniformity through sizing and selection. 

(b) Design tracker electronics to minimize the power, weight and size requirements 
and to take advantage of the capabilities unique to solid state array sensors. 

(c) The options of nondestructive readout and random access of photoelements 
should be exploited for applications requiring image storage or high bandwidth 
tracking response. 


P I . REQUIRED I NTS BASED ON: □PRE-A,0 A, □ c ^ 

<; K VI !< > \ A I I ANT) AN A I YSIS: 

a star tracker using a solid state array sensor hen the following advantages over 
a conventional image dissector tracker. 

(a) No high voltage requirement with its associated problems in space vacuum* 

(b) Not sensitive to ambient magnetic fields. 

(c) Sensor is light-weight, compact, and a low power dissipator. Its spatial 
array is metrically stable, not requiring precise magnetic deflection 
circuitry for position calibration. 0 

(d) Wide range spectral rcspomavity (8000 A to UOOQ a) and high (70/) quantum 
efficiency. 

T^e CIO sensor has the following advantages over Charge Coupled Devices (CCD). 

(a) High percentage of array area is photo sensitive; no interlaced transfer 
registers . 

(b) Low thermal (dark) current generation inherent to device physics. 

(c) Good UV sensitivity without substrate thinning. 

(d) Can be randomly accessed as opposed to sequentially scanned. 

(e) May be nondestructive ly readout. 

The low power, snail size, long life and operational versatility enhance the CIO 
tracker r s potential as a widely used, off-the-shelf component. 

TO BK CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 16 


1 . TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF 3_ 

Charged Injection Devices for Low Light Level Imaging 

7. TECHNOLOGY OPTIONS: 

(a) Adapt commerieally available (TV compatible) solid state sensors and/or 
electronics to star tracker requirements. 

(b) Accept the limitations of commercial sensors and attempt to develop sophis- 
ticated video data handling techniques to improve system performance. 

(c) Accept charge coupled devices (CCD) for solid state sensors. 

(d) Continue to use image dissector tubes. 


s. TECHNICAL PROBLEMS: 

(a) All solid state sensors will require cooling (-40 C to -70 C) to achieve 
sensitivity and dynamic range goals for star tracker performance. Pre- 
liminary studies show that passive cooling will suffice, but allowance 
must be made for stable temperature control. 

(b) State-of-the-art in solid state sensors is young, and the full potential has 
not been developed. The quality/cost ratio should increase rapidly, just as 

in f>^hgr-arPAS nf aemi-r on dilator devel opment. 

!). POTENTIAL ALTERNATIVES: 

Continue to develop tube-type star tracker systems to meet a wide range of app- 
lications, and to limit the scope of operational functions that can be practi- 
cally achieved. 


10 PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Indu c trial/ commercial development will continue at a high level. 


EXPECTED UNP ERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Optical imaging 

(a) Commercial TV requirements for high and low light level applications 

(b) Ground and space-borne astrophysical experiments 
Non-Optical applications 

(a) Computer memory 

(b) Telemetry buffers 

(c) Delay lines 
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DEFINITION OK TECILNOI .OGY REQUIREMENT 


NO. 


16 


1 . TECHNOLOGY REQU1KKM KNT (TITL EL Charged Injection Devic es! ‘AGE 3 OF 

for Low Light Level Imaging 


12. TECHNOLOGY KEQL1KKM ENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE FI LM 


FG 


7S 


7‘J 


80 


81 


82 


83 


8 1 


85 


8G 


87 


88 


8<) 


00 


01 


TECHNOLOGY 

1. Develop Requirements 

2 . Study & Analysis 

;5 _ Tracker breadboard 
]. Test and Evaluate 
5. Tracker packaging 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

1. 


LL USAGE SC 11 EDI LE: 


[’EC1INOI OGY NEED DATE 
NUMBER OF LAUNCHES 


| TOTAL 


June 1975- 


LI REFERENCES: 

GE Memo, "CID (Charge Injection Device) Theory of Operation," 

CCD Symposium paper, "Planetary Investigation Utilizing an Imaging Spectrometer 
•System Based upon Charge Injection Technology," R. B. Wattson, P. Harvey, and 
R. Swift. 


JtEPRODUCEBlUTY OF THE 
ORIGINAL PAGE IS POOR 


15. LEVEL OF STATE OF ART 
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7. 
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DEFINITION OF TECHNOLOGY REQUIREMENT Nr. 17 

1 TECHNOLOGY REQUIREMENT (TITLE): °P tical PAGE 1 OF _3_ 

Standardization and Improved Tube Design for Star Trackers 

2. TECHNOLOGY CATEGORY: Imaging 

OIMEC'J 1VE/AD\ ANCEMEN1 REQUIRED: Inpx-ovo photocathode tube performanc e 
i n accuracy, linearity & resolution. Required to satisfy requirements of future 
space missions. 

I. Cl RRE.VI STATE OF ART: Utilize the standar d ITT F IjOl 2 RP image dissector 

tube and provide excessive calibration procedures. 

* — . — - — 

HAS BEEN CARRIED TO LEVEL 


•">. DESCRIPTION oi TECHNOLOGY 

(a) Perform modifications and design changes to the basic FU012RI Image 
dissector tube. Reposition the internal parts, increase tube length, modify 
mounting and improve potting materials . 

(b) Design and develop an optical lens system compatible with the F U01 2 RP 
image dissector tube. Incorporate the design in a star tracker and evaluate. 


P L REQUIRED I NTS BASED ON: □ PRE-A, □ A,Q «>□ 1' 0 

RATH >\A1 I- AND ANALYSIS: — — — 

(a) Technical advancements have been made under previous in-house work at 
MCFC and a contract with ITT. The results indicate that the linearity can be 
greatly improved with relatively simple modifications to the tube's internal parts. 

(b) The existing in-house star tracker designs utilize a very poor quality, 
simple photographic lens. These optics are inadequate to achieve high performance 
pointing data and star mapping. 


TO BE CARRIED TO LEVEL 
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OPTIC >NK 


TEC I IN( )!.()( 


(a) Consider a second source for photocathode tubes for star tracker 


application. 

(b) Improve higher quality standards on the contractor. 

frA Relv on the next veneration of star trackers utilizing solid state 



V TECHNICAL PROBLEMS: 

(a) Designing a Ions system to suit the ? 4012 RP tube. 

(b) Designing the internal parts and establishing the critical spacing 


of components . 


POTI.NTIAI ALTERNATIVES; 

Continue to provide lengthy calibration procedures and accept low quality. 






DEFINITION OF TIX'IINOI.OCV KFOITRFMFNT 


NO. 17 



11 REFERENCES; 

Final report on Contract NAS8-29913. 


-K-Applicablo to existing state-of-the-art designs with near term users. 


LF VF L OF STATE OF ART 


1. HASH' PHI* M)Mh NA DIM KV1 i> WD '(MViHIl I). 
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8. NIW CAPAH1I m I*! IPV i 1 1 HI' »M A M''l II 1 KSM*. K 

OPEKAII -nVI Mop! I.. 

9. RKMA Ml MTV M’oHAIUM t t M »>!'! RA I H ‘S* \ 1 MfMlF l. 
in i II’I'TIMV IX1INMONUI AN Ml 1 UA1 ION O, Mi >!>!* !,. 





1 


I 


DEFINITION OF TECHNOLOGY REgt'lREMENT NO. _l£ 


I TECIINOI OOY UEQl 1 HEM ENT (TITLE); STRAY-LIGHT flgJECTION PAGE 1 OF _b_ 


j. TECHNOLOGY CATEGORY: Navigation, Guidance .and Control 

< Mil ECTIVE/ ADVANCEMENT REQUIRED: Develo p a methodology for assessing 
the performance of stray-light shields to improve rejection of suplight. albed o. 

and spacecraft reflections 

l. Cl RRENT STA IT. oF ART: Designs and analyses have been done on stray-ligh t 

shields for specific applications 

HAS BEEN CARRIED TO LEVEL 


DESCRIPTION OF TECHN'oi.OGY 

a) Establish a methodology for predicting the performance and attenuation 
capabilities of stray-light baffle configurations as a function of 
geometry, materials, and source characteristics. 

b) Develop a computer program which provides synthesis and analysis of 
various configurations for optimization studies. 

c) Test some representative designs in space environment (Shuttle Sorties) 
for comparison with analytical data. 

d) Refine theory to agree with practice. 


p/L REQI IREM! NTS BASED ON: Q PRE-A,n B.D c D 

i; HA I lMNAl.l AND ANALYSIS; 

a) Performance of star-trackers, star-mappers, horizon sensors, etc., is 
affected by stray light radiation entering the instrument field-of-view. 

b) All payloads using stellar-reference sensors require stray-light rejection 
and would benefit from this technology. 

c) Most methods for designing and testing stray-light rejection hardware 
require crude ray tracing requiring development of special techniques for 
each configuration. 

d) This technology advancement should be carried to an experimental demon- 
stration on a shuttle flight to verify predicted performance. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 18 


1 . TECHNOLOGY REQUIREMENT(TITLE): Stray-light Rejection PAGE 2 OF J± 


7. TECHNOLOGY OPTIONS: 

The alternatives to the proposed technology are to continue evaluating each 
stray-light shield as a separate entity requiring unique analysis or to 
construct special facilities for testing the various configurations . Both 
methods require considerable expense of funds and time. 


H. TECHNICAL PROBLEMS: 

The biggest technical problem lies in development of the analytics describing 
the behavior of radiation within a configuration. The mathematics are very 
complex for describing radiative transport (specular, diffuse, specular-diffuse, 
diffraction) within a shield. 


!). POTENTIAL ALTERNATIVES: 

Construction of special test facility and continued cut-and-try (ray-tracing) 
approach. 


PL PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The STS Advanced Systems Technology Guidance and Control Working Group defined 
an FY 75 New Start with the goal of constructing a special facility for agency- 
wide use for testing sunshades. 


EXPECTED UNPERTURBED LEVEL 2 


II. RELATED TECHNOLOGY REQUIREMENTS: 



DEFINITION OF TECHNOLOGY RF0F1RFMFNT 
TECHNOLOGY R IX M ! 1 1 { KM KX T (T1 T I . H) : Stray-Light Rejection 


12. TECHNOLOGY RFgi 1KFIUFNTS SC 


SC1IFDF1 F n FiM 


1DU1.F: 

CAl.FNDAR YEAR 


TECHNOLOGY 

1. Analytical model and 
computer program develop* 

>. Design and. fabrication 
of representative shields 

Lab test of shields 

.1 Comparison of data anc 
model refinements 
r>. Space checkout of 
shields and data comparison 

APPLICATION 

1 . Design (Ph. C ) 

2. Devi/ Fab (Ph. D) 

:i. Operations i 


USACF SC II FI )l I.F: 


FCIINOl.OGY NFFD DAT I. 


NT M BE It OF I.AFNCHFS 



I RFFFRFNCFS: 

1. Jackson, D. B., SPARS Phase IB Sunshield Development Program Final Report, 

TM-21 290-52, Honeywell Inc., Minneapolis, Minnesota, 23 October, 1970. 

2. Walsh, Thomas M. and Hinton, Dwayne E.: Development and Application of a 

Star-Mapping Technique to the Attitude Determination of the Spin- 
Stabilized Project Scanner Spacecraft. Proceedings of the Symposium on 
Space-craft Attitude Determination September 30, October 1-2, 1969* 

3. Heinisch. R. P. and Chou, T. S.: Numerical Experiments in Modeling Diffrac- 

tion Phenomena. Applied Optics, Vol. 10, No. 10, October, 1971. 

U. Sparrow, E. M., Gregg, J. L., Seel, J. V. and Manon, P., "Analysis, Results 
and Interpretation for Radiation Between Some Simply Arranged Gray 
Surfaces," Trans. ASME, J. Heat Transfer, 83C, 307, 1961. 


1 5. LF VF L OF STATE OF ART 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


TECHNOLOGY REQUIREMENT (TITLE) : Stray-Light Rejection PAGE h OF 


5* Eckert, E. R. G. and Sparrow, E. M., "Radiative Heat Exchange Between 

Surfaces With Specular Reflection," Int. J. Heat Mass Transfer, 3, b2, 
1961 . 

6. Lim, S. H. and Sparrow, E. M., "Radiant Interchange Among Curved Specularly 

Reflecting Surfaces: Application to Cylindrical and Conical Cavities, 

Trans. ASMS, J. Heat Transfer, 87C, 298 , 1965>. 

7. Seban, R. A., "Discussion of Sparrow, et al, " In Trans, ASME, J. Heat 

Transfer, 8 I 4 .C, p. 2 9h, 1962. 

8 . STS Advanced Systems Technology Guidance and Control Working Group, R. G. 

Chilton, Chairman, Johnson Space Center, January 197k- 


DM IMTIoN OK r I KC’UXOI.OOV KIX^I 1KFMKNT 


NO. _12 


l 


I I |,( ||\( )| ( u«\ \IKQ\ Hi KM KNT (T1T1 K) : High Resolution. BACK 1 ()!• J. 

Long Life Inertial Reference Unit 

J 'I I'(T1\< >1 o< A ('ATHUJUY: Inertial reference units _ 

* »B )ll"I l\ I / \1)\A.\('KMKNT KK(Jl IKKLV fine point i ng capabilit y of 

spacecraft of 1 ar c second or less for periods up to 1 Lour and life of 

10 years is required. 

i . ( l liiii-A I MAI !•, ()!' Ai!I; DRIRU fine pointing capability is not determined , 
and reliability is c ompromised by ball bearings. C o nventional gyros are more 
^expensive. HAS K KN C ARRIKI) T( ) IT.YM, _ 

». 1)1 sf KM'l i< )\ < >1 Tl ( 1 1 N C >1 ( )t;v 


Both the fine-pointing requirement and the long-life requirement can be 
satisfied by upgrading the present design of the Dry Gyro Inertial 
Reference Unit (DRIRU). The fine pointing capability requires the develop- 
ment of higher resolution torquer electronics, f’.e long-life requirement 
requires improved rotor bearings. For example, a fluid bearing gyro now in 
an early development stage could eventually be substituted for the present 
ball bearing gyro. Other gyro designs could also be considered. The 
incorporation of a fluid bearing also enhances the fine pointing capability 
of the higher resolution DRIRU in that the noise content of the gyro 
output is significantly reduced. 


I> I. lU'l.Tim- Ml M S HASKI) ON: Q PltK-A.O A, Q <' » 

•> i ; \ 1 1 1 1 ' . a i ; and a\a: vsis : 


The dual requirements of long gyro life and fine pointing are not 
achievable with the presently used IRU f s equipped with ball bearing 
gyro. 

Observations: Include gyro designs other than fluid bearings. 


TO BF CAUKII D TO IT \ FI. 




DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

19 

i TKCUX'OI OOY REoriREMENTfTITI.EU High Resolution, 

PAGE 1 

OF 

Long Life Inertial Reference Unit 




TECHNOLOGY OPTIONS: 


Uone , 


^ . TECHNIC AL PROBLEMS: 

Electronic Torquer development. 
Fluid bearing development. 


. POTENTIAL A I /] E RN ATIYES; 

IRU's based on ung" ?-axis gas bearing gyros 


PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


Fluid bearings will be brought to feasibility demonstration* 

EXPECTED UNPERTURBED LEVE1 


1 1 . RELATED TECHNOI OGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQLIKEMENT NO. 20 


1 TECHNOLOGY KKgi IK EM ENT (TITLE): PAGE 1 OF 3 

Cryogenic Gyroscopes for Space and Aircraft Navigation 

J. TEC TIN* >L< >GY CATEGORY: Attitude Reference 

‘ > i > -J EC'i 1\ I ;/ ADVANCEMENT REULIRET): Develop Cryogenic Gyroscope Systems 
for Precision Low Gravity Attitude Reference (unidirectional year); and for 
Considerably Improved One-G Drift Performance, 


l. ci rren T STATE OF AIM'; Cryogenic Gyroscope being Developed for OSS Gyro- 


relativity Experiment; Actual Drifts Not Yet meas u red, but First Fligh t 


(Shuttle, 1980?) calls for 0.1 arc-sec year 


ancT 

"). DI-SCKH* 


be attainable. 

i< >\ < >1 Ti:C!L\( >1 (H» Y 


HAS BEEN CARRIED TO LEVEL 


The Gyro being developed consists of a 39 MM quartz shpere rotor with a 
superconducting niobium coating spinning at 200 hz. The rotor is electro- 
statically suspended in a quartz housing. Symmetry, weak suspension 
forces, careful magnetic shielding, and the use of a superconducting 
electronic readout which senses the very weak magnetic field generated by 
the spinning superconducting coating, will permit reduction of residual 
drifts by five orders of magnitude or more from 1-G values. Careful 
analysis indicated that residual drifts approaching 1 milli-ARC SEC per 
year should be possible for unidirectional pointing. Readout system limi- 
tations will reduce omnidirectional readout precision to 1 arc sec per 
year. 


I> I. RPQITROII NTS BASKD ON: □ FRE-A.0 A,d c D 

RA I I' i \ A 1 T ANT) ANALYSIS: 

The Cryogenic Gyro is being developed solely as a scientific instrument 
to measure precisely two general relativisitic effects (approximately 7 
arc-sec per year and 0.05 arc-sec per year respectively). Its application 
to high accuracy space navigation such as advanced LST’s etc., seems ob- 
vious and the capability of such a system in a one-G systems should i . Iso 
be investigated. 


TO BE CARRIED TO LEVEL 
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DEI INITION OF TECHNOLOGY REQUIREMENT 


NO. 20 


1 TECHNOLOGY REOl'IRFM LNT(TITLE) : Cryogenic Gyroscopes PAGE 1 OF 

for Space and Aircraft Navigation __________ 

TECHNOLOGY OPTIONS; 

Conventional gyro systems are, of course, presently available. However, 
the cryogenic gyro should furnish significant advantages. An alternative 
precision gyroscope involving a rotating container of superfluid helium 
at temperatures below 20k has been suggested. Ultimate accuracy could 
approach that of the quartz— superconductor gyro, but development problems 
appear very difficult. 


v TECHNICAL PROBLEMS: 

No problems have arisen in the development program at Stanford Univ. or at 
MSFC, or in the theoretical analyses to indicate that ultimate accuracies 
of at least a few milliarc seconds per year cannot be achieved. A 
critical subsystem, being actively pursued, is the superconducting readout 
system. 


•i. POTI.NTIAi AI.'J ERNATIYES: 


See 7. 


in PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


The Gyro is tentatively identified for an initial, low accuracy flight on 
an early shuttle (Late 1900? ) and for a final, high accuracy flight about 
two years later. 

EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 

a. Superconducting instrumentation for the g^ro readout subsystem and, if 
available, for other electronic systems in the spacecraft. 

b. Liquid Helium Dewars suitable for long duration space operation. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 7-1 


I TECHNOl OGY REQUIREMENT (TITLE): Continued Development RAGE 1 OF _3 

01 Digital Rebalance Electronics for Dry Tuned Rotor Gyros 

J. TECHNOLOC.Y CATEGORY: _____ 

OBJECTIVE/ ADVANCEMENT REQUIRED: New Digital Rebalance Loops for 

Two- Axis Dry Tuned Rotor Gyros having Improved resolution and accuracy. 


1. ( ' l RUEN T STATK ( >F A KT* (1*) Analog Rebalance Loops (2) Breadboard 

Digital Rebalance Loop for Kaarfott Gyroflex (U.T.K. ) 

HAS BEEN CARRIED TO LEVEL 


I) ESC UIHTK )N Ol TECHNOLOC.Y 

A rebalance electronic package consisting of a digital control and data 
generation section, an error-signal-processor for each of the two axes, 
a precision, stable torque current pulse generator for each axis, and 
appropriate power supplies. 


F L REQUREMI NTS BASED ON: □PRE-A.Q A,Q B.Q C D 
<1 RA l‘l< »\AI I AND ANALYSIS: 

The new digital rebalance loops offer the following advantages over 

available rebalance loops: 

(1.) High accuracy due to use of state-of-the-art electronic devices 

and low noise circuit design techniques, along with the inclusion 
of the analog-to-digital conversion process inside a high gain 
electronic loop. 

(2.) High resolution due to fine quantization of the torque-current 
pulse; e.g., present breadboard resolution is wit .in .024 arc- 
sec for 2 a /sec torquing. 

(3.) Since the data corresponding to inertial sensor motion is in 
digital format, it can be easily processed by computers. 


TO BE CARRIED TO LENT L 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


21 


I . TECHNOLOGY REQUIREMENT(TITLE): Conti nned Development PAGE 2 OF 

of Digital Rebalance Electronics for D^y Tuned Rotor Gyros 

7. TECHNOLOGY OPTIONS: 

a. Analog control loops. 

b. Analog loops with A/D converters. 


s. TECHNICAL PROBLEMS: 

(l) Gyro models are inadequate. 

(2' Correlated transient feed-through within gyro. 
(3) Torquer resistance of gyros too nigh for optimum 
design of rebalance loop. 


!). POTENTIAL ALTERNATIVES; 


in. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. Digital pulse rebalance loops for redundant laser IMJ. 

b. To extend development for dry tuned rotor gyros with higher 
rates (30°/sec) with two or three scale-factor switches in 
the design. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

development of a dry tuned rotor gyro specifically designed for 
pulse rebalance techniques (low torquer resistance and low 
.eed-through from gyro torquer to gyro pickoff). 






N 


I - • TECH. .( )I.( )( 1 V KKC^MKKM ENTS SCHEDULE; 

CALENDAR YKAlx 


SCHEDULE ri E M 

TECHNOLOGY 
1 . Complete work on 
gvroflex gyro 
-• Studies on cross - 
coupling effects 
’ • Design D R elec- 
I tronics for high rate 
gyro 

°erfo"m dynamics test 
for axes interaction 

APPLICATION 
1 . Design (Ph. C * 

_ . Devi/ l ab (Ph. I)) 

Operations 


USA OK St' 1IK 1)1' 'l.K: 


TECHNOLOGY NE I D DATL 
NUMBER OF LAUNCHES 


II REFERENCES; 


i ■> 7(i 77 70 7!) HO sj S2 Ml! Si s.l 





1972 - 73 

1973 - 7)i 


U. T. Annual Renort 
U. T. Annual Report 



15. LEVKL OF STATE OF ART 
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DEFINITION OF TECHNOLOGY REQIHREM ENT 


NO. 


22 


j | TECHNOLOGY REQUIREMENT (TITLE); PAGE 1 OF _3 

High Resolution Attitude Sensor 

i 2. TECHNOLOGY CATEGORY”: 

! ' )H J ECTIYE/ ADVANCEMENT REQUIRED- To develop and test a high resolu- 

tinn attitude sensor for spare missions and experiments. 

I. CURRENT STATE OF ART: Current attitude sensors can be expected to per- 
form no bette r t han 0.01 arc-second for short periods of time. 

HAS BEEN CARRIED TO LEVEL 

DESCRIPTION OF TECHNOLOGY 

This sensor would be a laser gyro utilising and expanding the technology 
"spin-offs" from the development of the *Tapdown laser IMU. 


P/L REQI IREMI NTS BASED ON: □ PRE-A, D A,d C/D 

(i RAITONAII- AND ANALYSIS: 

The high resolution attitude sensor is needed for the Large Space 
Telescope (LST) and other experiments. Some of these requirements 
are 0.001 arc-second accuracy for relatively long periods of time 
of attitude control. 


TO BK CARRIKD TO LKVKB 


j 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 22 

1 . TECHNOLOGY REQUIREMENT(TITLE): High Resolution PAGE 2 OF 3_ 

Attitude Sensor 

7. TECHNOLOGY OPTIONS: 

1. Laser gyro increase in stability and resolution- 

2. Laser interferometer with fiber optics. 

3. Special technology development in new approaches. 


s. TECHNICAL PROBLEMS: 

High resolution sensors require extremely tight controls on temperature, 
dimensional stability, voltage and test procedures. 

!>. POTENTIAL ALTERNATIVES: 

There are several approaches being proposed by different sources that could 
solve some of the problems associated with a greater resolution and accuracy 
of inertial sensors; some of these are listed in Item 7. 

in. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

There are plans to investigate the different proposed methods of producing 
a high resolution inertial sensor in FY 7 6. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


/ 
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DEI- INITION OF TECHNOLOGY RETIREMENT 


TFOilNOI (Hi Y RETIREMENT (TITLE): __ 

Low-g Accelerometer Evaluation Facility 


RAGE 1 OF i. * 3 


1. TECUM il.OGY CATEGORY: Accelerometers 

- tll-JECTlYE/ ADVANCEMENT REQUIRED- Provide a facility for testing 

Q O 

accelerometers with an uncertainty of 10"° m/s 


I. Cl KIM-: NT STATE OF AIM': 1CT^ m/s ? 


HAS BEEN CARRIED TO I.EVEIJiA 


i. DESC RI l Ml< >N < >1 TKCHNc >i.OC.Y 


A snace facility avoids the 1-g field o f earth facilities. The space 
facility’ ^st provide precise accelerations for calibration of the accel- 
erometer as well as support functions like power, data processing, aug- 
ments, etc. 


V L HEgriREMi NTS BASED ON: a PRE-A, □ A, O 13, □ C D 


RA I I' >\AI I AM) ANALYSIS; 

The one-g earth gravity and the difficulty of isolating seismic 
disturbances restrict the limit of accelerometer testing to about 10~Sn''s c ". 


TO BE TARRIED T( > TEYEI 





DEFINITION OF TECHNOLOGY REQUIREMENT NO> ?3 



7. TECHNOLOGY OPTIONS: 


In lieu of a shuttle -borne test facility, fly accelerometers as 
technological experiments on suitable earth-orbit missions. This is 
quite expensive and is suitable only for design nroof testing unless 
spacecraft is recoverable. 


V TECHNICAL PROBLEMS: 

Design of test facility instrumentation 

!>. POTENTIAL ALTERNATIVES- 

Use earth laborator.v facilities and employ eytraoolation and 
analysis to estimate the space performance. 

I <> . PLANNED PROORAMS OR l UNPERTURBED TECHNOLOGY ADVANCEMENT: 

None known 

EXPECTED UNPERTURBED LEVEL JO 

II. RELATED TECHNOLOGY REQUIREMENTS: 

Earth atmosnhere drag experiments (DOD) 

Ki'JHtuDUaBiLJTY OF ME 

ORIGINAL PAS* I* POOR 
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DKMMTION OF TFCIINOLOCY KFQI THFMFNT 


NO. 23 


TIX’II.NOI O'.IV UFOFIKFM KNT (T1T1.F): 

Low-g Accelerometer Evaluation Facility 


T K( ' ' 1 1 N O I .<)( I V K Fl ) l . i K KM F N TS SO 1 1 K I )U I . F : 


'ACK :i OF 3 


SCil F 1)1 1 K FI FM 


TFCHNOLOCO 

1. Feasibility Study 

Design Definition 


C A I . F N 1) A K Y F A II 

73 7(i 77 7S 7!) SO sj >2 s.'l Si ''3 s ( > I s 7 so do 01 


APPLICATION 

1 . Design (Ph. C l 

2. Devi/ Fab (Ph. D) 
Operations 

l. Initial Flight 


USA OK SOIIFPIT.K: 


TK( UNOl.OQY NFFD DAT I. 
NTMBKH OF l.AF\('HKS 


II BFFFKFNOFS: 


KK VK I. OF STA FF OF AHT 


! RAMI I'H ► Mi'll NA I HIM ll* ’ 1» \M) D-llII [I 
2 . HIHilri M 'it M i 1.A I ! ! i I < > 1 >1 > I.'M I'll * i»MI SA. 

1 H s i | 1 1 'u, I'H', t, • vi I M'l ItnUM 

< »K VI \ I Ml M \ | It M M< »! " | 

4. riHUMS' i ' M I > >K I II \J \( I hum jr I IF Mi iSstRATI- I> 

i . 1 . . v* \ m.l U I - I .1 ‘ I . } ' 



5. tOMiiAf M OP itfU Ai»f« > \KI ) I I ^ i I I* P HH f U I 

INVtKosMtM :« 1 .4* I.A r* '?• \ !• *IA 

6. M 1 >IU [. U s ’ M* IN AlfP KAr ! i NMH * V ' ' I M 

7. M*U>I I Tf SI I l» ,N M* V ' r Ml’" '!IM 

8. Nl \V ( A P A i ’,1 1 1 t j P. U \th I f- f: A V • I 1 I H 

OPf RAT M *N A i 

3. HI MARM I n . n .KAnlsi y>\ F \ \l M' vl l 

10. UfMIMV »MINMi'Mi» ANoULUlM*. ' V'h*H 





OK I IMTK >N OK TKCHNOI.OC.Y KIX/KIRKM KNT 


TICIIM »l <>M KKgl IK KM KNT (TIT I K) : I’AC.K 1 <>l Jj_ 

Rate Gyro Package 

. TKCIIM'I t h ,Y CATKCi )1’.Y: . _ 

; oOiKl”! IYI / ,\I)\ ANCKMKNT KKtjl IKKl); To flight. qnalif” a ~ rta gyro p ackage 
for long space missions am, aircraft, anpli cations v ith high reliability arm 

low cost, , 

i Cl KiMAi M AH' ( > r AIM : A laser gyro rate package is being dev eloped for an 
operational demonstration test.. 


HAS BKKN CARRIFI) To l.KVKI. 


|)KM' IIICTM >\ « M 'l l (’ IINOI ( k;y 


The laser gyro rate rackage is an inertial sensor package rigidly 
mounted to the vehicle f rairn to measure angular rates for attitude control 
and stabilisation of the vehicle. The laser gyro rate package will take 
advantage of the laser gyro characteristics (low poi'er, lone life, wide 
dynamic range, nc movinr parts, insensitive to gravity, less error in a 
dvnnmir environment, less navigation computations). 


I> I HK^l IKI- Ml \ I s IJASI.I) ON: □ I’KK-A.Q A, □ K.Q < •> 


*. I; \ I l< MAI I AM) A\A I YSIS: 


The s 7 1 >r . d laser gvre ratr oaokapr is ideal 1" si iteci f - r 
st.^aoriown arml irate ms and 5 traodovp s rt.eni: arc inrally ru : u d for re- 
dundancy managemert for hie 1 rrliatd 1 it* . The larer r’T'< rate T -ac>are vM'l 
provide tie requ' red high rrliab*.l : tv a* ■: loi cist senrr'-rr for- future 
snare am aircraft, aonl : cat : oor . 


Id HI (’ \KUIl I) K M ! \ ! 1 





J 


I 






PIT i.MTK ).\ OF TECHNO! < K'.V RKOlTREAl ENT 


I TIVIINol <> ;Y RERH 1RE.MKNT (TITLE): 
Rate Gyro Packape 


NO^/i 
PACK :i OF 


12. TKCILNul OOY RE(/l ilMLXl ENTS SCHEDULE; 

CALENDAR YEAR 

SCHKDL 1 K l'l F.M lLJJLIL llL lS ° s] SD Si M> ST to Si) «)() 91 

TLCHNOl.OCO 

1. SR&T Laser Rate Gyro 

Deve] opmen.t 

2. SR&T Packape j 

Integration : 

•L SR&T Rate Gyro j 

Packape Test ! 

' • Soace Tug Avionics > 1 — 

_ Build I I 

First Space Tup Flight |. 

APPLICATION J | 1 2 * 4 

1. Design (Ph. Ci i I I 

i i 

2. Devi/ Fab (Ph. D) ] | 

•). Operations j 1 1 1 



I L FSAC.K SCHF Dl I.F: 

l FCHNOl (K1Y NFFD DATF 

NUMBER OF I-Al NCHKS 6 12 12 12 12 12 Ij 

II KFFFKFNCFS; 

1. "Soace Tug Avionics Definition Study: by General Dynamics”. 

2. "Space Tug Definition Documents". 

3. "Space Tug Baseline Requirements Definition Documents" by MSFC. 


1 5. LE VK L O F STATE O F ART 


1. HASH VHKV iMh NA HUM KVl P VN* Hh l-oin f D. 

2. T!lH'«n M MlMl’I-A 1 1 1) P » Df ' I.THI DHl NOMINA. 

TilH 1 n Ml I) in PI I "N M(*A I l \ IM KIMI VI 

OK M \ 1 >i; M \ \I MOIM 1, 

4. pikiinim n v i it >n on t ii u. * i ri msiir i* munstrati- n, 

Y .0 . MA I Y I<1 \1 . ( ( 'Vp( >M V I , } 1 i , 


s. eoMi'OMNi on iuu aouoakp ii mi ihn Kf i y vant 

t NVJKONMKN’I IN Till l.A IV ij* U oKY . 

6. MOWD TI.M I D IN AIR< RAH IsMKONMINT 

7. MODI' 1 Tf Ml P IN SP\H INMilDNMIN l 

b. n* w cAPAittim n; hi\id iimm a m*h n u:st>kK 

OPFRAl ION \I, MODI I. 

9. KKUAHIMT'I M'l .KADIM. Ol \? OlM.RA I H 1 • AI MODKl.. 
10. IJFKTIMh K XT I NMON OF AN Ol 1 ’UU ION O. MODI L,. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2) = 

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 4 OF 1 

Rate Gvro Package 


The Avionics System for the full-capability Space Tug to be developed by 
NASA for initial operations in late 1983 will be driven by requirements of 
(1) performance to deliver 8000 pounds of payload into geosynch rono nous 
orbit and retrieve 3500 pounds, (2) mission duration up to 185 hours, 

(3) payload retrieval with potential for on-orbit servicing in the future, 

(b) autonomous flight operations, (5) Shuttle crew safety and mission 
success reliability (0.97 for all missions), and (6) 1983 IOC date for 
first operational flight. The 1978 Phase C/D timing will allow the Tug 
program to take maximum advantage of technology advances in the avionics 
implementation of these requirements to attain low system weight, power 
system capacity, sensors and softward for rendezvous and docking, navi- 
gation update, checkout, redundancy and its management. 

The advanced technology nature of this avionics system has a significant 
influence on the system’s total development cost. The advanced components 
selected for the baseline system definition were projections from research/ 
technologies presently being pursued. From the current status of these tech- 
nologies, the further technology development effort was defined that would 
be required before component design and development could be started or 
procurement specifications prepared. This is an essential f 4 rst step in 
the whole process of getting an advanced hardware system designed, built, 
tested, qualified, and flown. There are two approaches for the accomplish- 
ment of these needed additional technology activities: 

a. Perform these activities after Phase C/D starts. The overall Tug 
development schedule calls for Phase C/D to start laee 1978, cul- 
minating with first operational flight in December 1983. The 
total DDT&E cost of avionics development for this approach was 
estimated to be $92.8 million. 

b. Perform these activities during the three-year period -roor to 
the start of Phase C/D. The confidence gained by the early so- 
lution to problems and the proofing of techniques will reduce 
the risk during the actual component development phase ana wil] 
reduce the total DDTfrE cost of av'onics development to T,7)i .1 
million . 
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DKHMTION OF TECHNOLOGY HKgi 1RKMENT NO. 25 

I TFCIINOI OC.Y REgi 1KK.MENT (TITLE): PAGE 1 OF A — 

Redundant Gtrapdown Laser Inertial Measurement Unit (IMU) for Space Missions 

j r ]TC!LV Ud u *Y f A r l 1 < »( )UY* ___ 

- >] > J Fl'TlYF/ ADYANC KM FNT HKU1TRKD: To flight qualify a redundant s traps 
down IMU for long space missions and aircraft applications with high rella- 

bi.iity and low cost. 

t. ( ' | K 1 1 1! N T STATE uE ART: A laser gyro redundant strapdown IMU is being 

constructed for operational demonstration test. 

- HAS BEEN CARRIED TO LEVEL 


-). Dl-SCKHTION <>l TECHNOLOGY 

The redundant strapdown laser gyro IMU navigation system is an inertial 
system with sensors mounted ~igidly to the vehicle frame in a dodecahedron 
configuration, This is the configuration that gives the most effective 
redundant management. The IMU will take advantage of all "he characteristics 
of the laser gyro (low power, long life, wide dynamic range, no moving parts, 
insensitive to gravity, less errors in a dynamic environment, less navigation 
computations) . 


1> L REQl'lREM IM S BASED ON: □ PRK-A, □ A.Q »,□ ( ' D 

<; i; \ 1 1< > \ a l i a \ n anai ysis : 

The laser gyro is ideally suited for strapdown applications and strapdown 
dys terns are ideally suited for redundancy ranagement for high reliability. 

The laser gyro redundant strapdown IMU will provide the requirements of 
high reliability and low cost for future space aircraft applications. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 2 5 

i TECHNOLOGY REOlTRKMHNTfTITLEI: Redundant Strandown 
Laser Inertial Measurement Unit ( IMU ) for Space Missions 

PAGE 2 OF _1 


7. TECHNOLOGY OPTION'S- 


The system of present technology for Space Shuttle is three, three axis 
conventional IMU 1 s operating in parallel. Each weighs 75 pounds and 
requires 35^ watts of power to operate, including the control electronics. 


^ . T EM IN 1C A L PROB L E M S : 

The current gyro is designed for aircraft operation with fan blowers and 
limited freedom in some gimbal axis. For space applications the thermal 
controls and gimbals will have to be redesigned. These changes will have 
to be made in addition to the disadvantages of high weight and power. 


■). POTENTIAL A l/l KUNAT1VES: 

To flight qualify the laser gyro redundant strapdown TMU, several different 
three axis laser gyro IMU*s have been laboratory tested, mobile van tested 
and flight testeu to prove capability of navigation in a dynamic environment. 


10 r PANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The laser gyro redundant strapdown IMU is presently under construction. 

This IMU will be mated with a computer and software programs for calibration, 
alignment, navigation and redundancy management. This system will be 
tested in the laboratory, mobile van, and aircraft for operational 
evaluation. 

EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY KK< HTUEMENTS: 

Low cost, redundant , highly reliable, low power IMU’s for aircraft navigation 
systems, space rate gyro packages, and high resolution sensors for special 
pointing applications. 
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I OKKINITION OK TKCI1NOI A )GY REQK1UKA1KNT 

NO. 25 



1 TECHNOLOGY REOl 1H EM ENT (TITLE) : 

PAGE ,'iOF ; 

1 REDUNDANT STRAPDOWN IMU FOR SPACE MISSIONS 


1-- TECHNOI .( X i V REOliREM ENTS SCHEDULE: 

CALENDAR YEAH 


SCHEDULE I'] EM 


TECHNOLOGY 
1 SR&T Reuundant Stra; - - 
down laser IMU build 

-•SR&-T Flight Integratio 
3.SR&T Flight Test 

} .Space Tug Avionics 
Build 

5* First Space Tug Fligh 

APPLICATION 
1. Design (Ph. ti 

Devi/ Fab (Ph. D> 

Operations 



1A USAGE SC 11 EDI l.E: 


1 EC HNOl.OCY NEED DAT! 


MM Brill OF LAI ACHES 


HE EE RENC ES : 



I I I I 1 TOTAL 
6 Il2 |l? 12|l?;i2| 2 112,12 | 102 


"Space Tug Avionics Definition Stnc'y" by General Dynamics 
. "Space Tug Definition Documents". 

. "Space Tug Baseline Requirement Definition Documents" by MSFC. 


kKPROPUCUM.lTY Ul>' illl. 

JII414*NAL PA0I> IS POOR 


level OF STATE OF ART 


1. HASH' PHI- M»MI NA OHM IHI I> \M) MI I^MUI I). 

2. Tllloin K»I(M! Ulfl) mill m |,:m PHI NOMINA. 

3 . Tin mr, Usiinm I’H’i MCAI. I MMKIMI M 

oh m \ ini M \ i ic u Mom i, 

4. PI K I IN I N 1 i l N( hO ( \ou<IIAK\( II RIS'llC I >1 MONSTRATI l>, 

F.d,, MATIHhl,, M'VpHM M ( J H _ 


5. COM. _>M V] OH imiAHHoAHU II M LIMN HI I I VAN I 

KN VI HON MI N l INI HI tAlmHUoIA. 

6. MOPI t VI.n M D IN AIKMUM I NMKONNM M 
?. MDlUl TIMI P iN S>’\i f I \ \ I ID *' MIN] 

8. NIW CAPA HU m n; Hi \ I I) HD »M A \V\ 11 ll.^IK 

OPFHA1 ION \ I \1om 1 

9. HI MA III LIT Y 1 pt.KAIHM ol \* OPMU I It >N M M('HI 1 

10. UIITIMI miNMONOl ANOI11WTIONC MO|>M . 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 25 

1. TECHNOLOGY REQUIREMENT ITITLEL- Redundant Strai.down PAGE 4 OF J±. 
IMU For Space Missions 


The Avionic System for the full-capability Space Tug to be developed by 
NASA for initial operations in late 1983 will be driven by requirements of 
(l) performance to deliver 8000 pounds of payload into geosynchronous orbit 
and retrieve 3500 pounds, (2) mission duration up to 185 hours, (3) payload 
retrieval with potential for on-orbit servicing in the future, (h) autono- 
mous flight operations, (5) Shuttle crew safety and mission success re- 
liability (0.97 for all missions), and (6) 1983 IOC date for first opera- 
tional flight. The 1976 Phase C/D timing will alios the Tug program to take 
maximum advantage of technology advances in the avionics implementation 
of these requirements to attain low system weight, power system capacity, 
sensors and soft* cm; w .-on ■:•**>•: .. < a igatf } ooaie, checkout, 

redundancy a:-* its rw, '.warn 

The advanced technology nature of this avionics system has a significant in- 
fluence on the system’s total development cost. The advanced components 
selected for the baseline system definition rore project! ons from research/ 
technologies presently being pursued. Fron the current status of these 
technologies, the further technology development effort v:as defined that 
would be required before component des*gn and development could be started 
or procurement specifications pcenared. This is an essentia" fi^ct ste^ 
in the whole process of getting an advanced hardware system designed, built, 
tested, qualified, and flown. There are two approaches for the accomnlish- 
ment of these needed additional technology activities: 


a. Perform these activities after Phase C/D starts. Tne overall 
Tig development schedule calls for Phase C/D to start *n 1976, 
culminating with first ooerationa" flight in December 1983* The 



i 


83 


\ 



I 


I 


DEFINITION OF TECHNOLOGY KKgi 1KEMENT NO. ?6 


J | TECIINOI OOV KKQI 1KKMENT (T1T1.K): PAGE 1 OF 3 

Optical Correlator Landmark Tracker 

! 1 . TKCiL\( >E< )c:V CATKdOUY: Navigation ^ Guidance and Control 

I :i. * MJJK( 1, lT\ , !-;/AI)VANCi:iMI-:NT iRiUi:iHED: 2 cts -Lej design of the experimental 
procedures and an experime nta l te st mo del, fol lowed by design and fabrica- 
tion of engineering and flight test models, 
i. ci KKKV1 STATE OE A \VT: Feasibility has been demonstrated. Significant 

: studi es have been m ade on individual components of a representative system 

for r ecogn i zing and track ing landmarks. HAS BEEN CARRIED TO REVEL 3 

1. DESC UlETK >.\ <>E TEL IE\( MIX’, Y 

The technology calls for an automatic landmark tracker which can provide 
primary positional constraints more accurate than alternative onboard sen- 
so' 1 s, such as horizon trackers. The performance should a 1 ; compare favorablv 
with that of non-autononws systems. The performance goal is to nr wide 
positional constraints having an unoertaint r , due to landmark tracking 
operation, of 100 ncte-s (3c )• Toe goal is not exDocteo t ^ reorerent an 
i ultimate performance limit. 


| 

V 1 m-C/rmF'II NTS IUSEI) ON: □l > HE-A,D A, □ ».D <■' » \ 
• i K* A I I < • \ . \ 1 I AND ANA! VSIS: T 


a) The lOf mete- pos'tional constraint is bas°d on a facto * if 10 *mnr kronen t 
over i orison sensing devices o^ov'ding mrit.ion errors of g-10 km foe 

'dative ]y low altitude nrdts. 

b) oate 1 IHcs/spacecmit requiring rvodsid iata for velvcic attitude 
detemi na L : on ando r pointing ~ontrR s t tens toward earth surface 
references cml i benefit f r >rn this tech* dog. . 

c) Td s technol up/ reduce requirements fo - * g-oun .-based nrocesring 
of data, srnolifr attitude do termi nad t- teehn dues, reduce enen- 
tiencc vn ca dh-oaseu t -a ekin'- stations, an-, aiu earth-resources rtudec. 

d) The level of' techndogj ca ’ mat dd should he uarrle . to a rht +r?r, 

e 'ci* " I merit , 


L 


TO PI' CAmill'l) r< » l.l.\ I - F 
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in PLANK I 'D PROP, RAMS OK l XPLKTLRBLD TLCHNOIa K’.Y ADVANCKMKNT: 


A fyllo’.v-on effort to Contract NASI- 1 2^‘jO ( A Landmark Hoc ip;nit^ on and 
Tracking Experiment for Flight on the Shuttle 'Advanced Technology 
Laboratory (ATL) could be intiated. 

K.VPKCTKI) LNPFRTLRBLD LFVFL_5 


II. KF I ,A'> IK) TFCHNOl o<;y Kl'^l 1RFMFNTS; 






DEFINITION OF TECHNOLOGY REQUIREMENT 

'FIX' 1 1 NO I O'iV RKQl IRFM KNT (TITLE) : 

Optical Correlator Landmark Tracker 


T E( - 1 1 N o I o ( I V R F ( )[ I 1 {KM F N T S SC 1 1 E D U 1 . K : 

CALENDAR YE Alt 


SC II F 1)1 I F I'l KM 


FI I NO LOCO 

Design of demonstra- 
tion test model 
Simulation 

Design, fabrication & 
test of engn. model 

Design, fabrication & 
test of flight model 
Flight test experiment 


NO. 26 


FACE OF 3 


APPLICATION 
1 . Design (Ph. C i 

1’. Devi/ Fab (Ph. D) 

Operations 



USAGE SC II EDI I F: 


II REFERENCES. 


1. Welch, J.D., "A Landmark Recognition and Tracking Experiment for Flight 
on the Shuttle/Advanced Technology Laboratory (ATL)," Final Report, 
Contract ./NAS1-12550, July 1975. 


1.5. LEVEL OE STATE OF ART 


l h\mi nu n< i*:i \\ di,-! i;m ;* r< ■!, i ; i> 

•I. H'l'iHi i ( ■ :■ p i .a i ' ; I"l*l * I. ’ i i , Ml oiMI \a. 

3. i £ n - c i 1 1 s i ( 1 1 >n no, ■, \; i \ I'l a:\n n i 

• »k s] \ 1 III M \ I u \ J * • 1,IT 

ri HI !M N ' I i “e 1,0’ • »U • II M \- t ! His I !«' pi V,i I HA I H), 

I- < ■ M \ 1 1 It! \ I I - ' l < i ' ; 1 ■ 


5. tdMF MM 'i| lilt! \i 1 I'M \K» 1 > < i l> r ‘'H I U I 

t nwk< >v\!i n ; ! ; i r i '»*•!. \ i ■ •! 'i 

6. MtiPI I Ih'U'N t < H \ t ' > V. ' H N 1 * ‘-I 

7. Ml Hi* I r f s I I i ' i N k ’ ' \ ' f ' I! ■ • *t l *• . 

8. NMV ( W\ I : l M 1 !' !' D i ’.I ■ t H 

OI’F HAT !' i\ \l 

9 . Kt MA Mill M \ DIM n| \* < »l*l K \ '• \t M- ' I 

10. UHINI f X II V !■ - . i O \‘* ' <i !Lv II. »N V- » * ' 
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DKI IMTION OF TKCHNOl.OGY RKgi IKKMKNT 

NO. 

-IL 

1 TKCilNoi < m ;y Rl'X^l IKKMKNT (T1T1.K): Video Correlator 

Landmark Tracker 

PACK 1 

OF J_ 

2. TKCHNo 

l.oi’.Y CATFC.( )UY: Navigation, Guidance and Control 



‘ )li-J IX ) 

I\ F/ADYANCKMKNT RKOFIRFD: Development of an autonomous 



video guidance, landing and imaging system. 


I. Cl UK]', VI S'l ATI-. t i F AIM • Feasibility de nstrated 

HAS bfkn carrifd to i.fvkl 

M l)i:St'Kll , '|'l( ).\ ( >| Tl.C'IINol oc.v 

(1) A video correlator is employed in target acquisition and 
selection for earth resources imaging satellites. 

(2) Video guidance is used for acquisition, tracking, rendezvous, 
and landing. 


P 1, HI- UliRI- M I V! S BASKO ON: £] PRF-A, n .\,n »,□ c 0 
•> I! \ 1 1< >\A I I AM) WAI VSIS: 

a) 

b) 

c) 


lO BF CARRIFD 1 i K V !• I ■ 


A real-time adaptive detection and tracking device is required 
that would have the ability to identify and track surface features 
of interest. The system should be immune to errors in the attitude 
control and pointing capability of the spacecraft. 

The technique will allow a satellite imaging a/ston t > L , . T <_■, 

” '! £ t-r-ick landmarks, without human intervention, using 

a small amount of circuitry and an imaging sensor. 

Future earth resources technology satellites, planetary landers, 
cometary and asteroid slow-flybys and rendezvous missions, and 
outer planet missions could benefit from this technology. 
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| DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 27 

1. TECHNOLOGY REQUIREMENT(TITLE): 

Video Correlator 

PAGE 2 OF 3_ 

Landmark Tracker 




7. TECHNOI OC’.V OPTIONS- 


The technology option to a video correlator is an optical 
correlator involving matching of observed landmarks with stored 
spatial filters for landmarks with stored spatial filters for 
landmark tracking. 


V TECHNICAL PROBLEMS: 

a) Contrast effects 

b) Color variations 

c) Goomorphological variations 

d) Field-of-view effects 

e) Scan pattern variations 

f) Recognition algorithms 


!). POT E NT 1 A 1 AI.TERNATI\'ES : 

1) A precision attitude, pointing, and control system consisting of 
precision gyros and a stellar/landmark tracker. 

2) Interferometric landmark tracking by acquisition and tracking of 
ground-based radar. 


Hi. PLANNED PROORAMS OR I'NPERT URBED TECHNOLOGY AIJV \ 1 MENT: 

Contract NASl-135^9 (Video Guidance, Landing, and Imaging jyst jm for 
Space Missions) could be expanded to extend the video guidance i/echnoJc *r. 


EXPECTED UNPERTURBED LEX EI. 5 

|;. RE EAT ED TECIINOI < »GY KEQITREM ENTS; 


None 

)F THE 
POOR 


KEPR0DUC1B1LITY ' 

ORIOCNAL PAGE IS 


88 








DM INITION or TKCIINOI OCV KFOI'IKFMFN'T 


TI'C li.\( )|.< K.Y II I-X^l 1KFMFNT niTlFy Video Correlator 
Landmark Tracker 


N<>. 27 
I » A ( . I : < >v 



l‘F< IINOI <M.Y M M) DAT I I , | 

M MHKK OF FA I M’HFS 1 i | 2 

i i m:i- i i!i:\(TS; 

1) R.T. Schappell and G.R. Johnsons "Experimental and Simulation Study 
Results on the Development of a Planetary Landing Site Selection System." 
Paper No. 72-666 presented at A1AA Guidance and Control Conference at 
Stanford University, August 11*, 1972 and published in the Journal of 
Spacecrafts and Rockets. Vol. 10, No. 1*» April 1973- 

2) R.T. Schappell, R.L. Knickerbocker, J.C. Tieta, C. a rant, and J.C. Flemming: 
"Video Guidance, Landing, and Imaging System (VGLL-/ for Space Missions." 
Final Report on Contract NASl-13566. 


5. FFVFF OF STA FF OF ART 


b t (AID >M M » •!* ttlll *i>fi • VKi 
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Pi: I IMTinN OF TECHNOLOGY IUX^l’lKKMKNT no. _/£_ 

1 KCIIM >1 o( , v UF^l IKKMKNT (T1TI.K): Optical Inertial PACK 1 OF J, 

r.afer ence 

_• T! ('IIN< M.OC.Y CATEGORY: Spacecraft Attitude Control _ 

1 ’BJKC'I IYF/ ADVANCEMENT KKtJClRKI): SpaJ9Graf>t rotation sensor 


ft.aturirg hardviare siiqplification, reduction in coat and ruggadizatioi . 



l. Cl UtlKNT STA'I K ( >F A UT; Mechanical spun -mass gyro assemblies; comple x 
and expensive. 


HAS BEEN CARRIKD TO I.EVEI. 7 


ni-.sc f;i o'l i >\ • H ti.ciinoi oi;y 

The optical inertial reference will be an all -optical instrument having 
no moving parts. It will provide a full-time 3 -axis inertial reference frame 
and will provide a direct dig. -ul measure of spacecraft rotation rates over 
the full range needed to provide control during thruster firing and maneuvers 
and to measure spacecra^^ attitude movement during limit cycle attitude control. 


P 1. RFQI IUKMIM S BASED ON: 0 PRK-A,[] A,Q ».□ C :> 
I > A I I' >\ A I I AM) ANA I YSIS; 

The optical inertial reference will incorporate a laser rotation sensor, 
which is a very simple dovico. A small laser is coupled to each end of a 
fiber optic strand wound in a coil on a small mandrel. Rotation about the axis 
of tho coil alters the relative frequencies of the light passing through the 
fiber with, and against, the direction of rotation. Mixing and beat detection 
provide a direct digital measurement of rotation rate. Angular rotation 
sensitivity is a direct function of the effective area enclosed by the 
many-tum coil. This is not a "laser gyro" and is not limited by the mode 
pulling effects which have con^licated la^ar gyro development. 

The simplicity of the unit indicates a very low cost relative to the 
complex and delicate spun -mass assemblies now used. The low mass and inherently 
stable structures promise a very rugged and reliable device needing no special 
precautions during the launch period to survive. Power levels of a few watts 
or less are indicated. 


TO BE CARRIKD TO LEVEL 


* 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 28 


1 . TECHNOLOGY REQUIREMENT(TITLE): Optical Inertial Sensor PAGE 2 OF _3 


7. TECHNOLOGY OPTIONS; 

The optical sensor could be fabricated using small and low power helium- 
neon lasers having very long reliable lifetimes which have been developed for 
laser gyro applications. Another, and possibly better, approach would use a 
fiber optic laser, directly coupled to the fiber optic strand. Integrated 
optics spliciiig and coupling techniques will be useful. 


». TECHNICAL PROBLEMS: 

The principal technical problem appears to be obtaining single mode glass 
fibers of adequate length and quality. The fiber optic industry has demonstrated! 
low loss (25 dbAilometer) glass fibers, and recently, single mode fibers. 


!). POTENTIAL ALTERNATIVES; 

A graded index, multimode fiber which compensates pathlength very 
accurately might be used. Multimode fibers using a means for attenuating 
higher order inodes could be used. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

No significant programs in this area. Spun mass gyros are being "refined". 
Laser gyros are developing satisfactorily, but are complex, costly and have 
limited operating lifetime. 


EXPECTED UNPER TURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Requires successful blending of laser, fiber optic, integrate'’, .'.tics 
and electro-optic detection technologies. 
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DEI 1NTTION OF TECHNO! OGY KEtHTHEME.Nl 

NO. 2. 

8 

TECIINOl OGY KEOl 1KEMENT (TITLE) ; 

PAGE :i oi 

.• 3 

Optical Inertial Sensor 



— 


TECHNOLOGY HKtJl IK EM ENTS SCHEDULE; 

CALENDAR YEAR 


SC HE DU I E ITEM 


TECHNOLOGY 
]. Functional Analysis 

2. Lab Demonstration 

3. B.B. Design & Fab. 

4. Test & Development 


APPLICATION 

1 . Design (Ph. C » 

2. Devi/ Fab (Ph. D| 
■>. Operations 

1. 


I USAGE SCHEDl LE; 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


II REFERENCES; 



— nnmimrm 


1 5. LE VE L OF STATE OF ART 


!u\sir PHKV >M! NA OHS! HV! p AM* V! 1 ■ >H H D. 

TUI Oln K»KMl \A 1 I I) !<) 1)1 S( ; , , kMM* NA. 

THMU^ It SUP in PinMCAI INPMtiMKN’r 
OK M U III M\TI('\1. MOP! I , . 

P! H I IN* N » I l V I n IN (YJi < HAH \< TV HIS1 1 C f »f MONSTRATK D, 
F.C, , MAT!- KIA I , ('< «y pn\| M \ U . 


5. COMl’ONKNT OH HU! APNOAKD II NfU) IN HK1 Y VANT 

ENV1KONMFNI IN l H! LAHOKATOKY. 

6. MOPH. TEMIPIN AlHCRAM Y NV1KONM! NT . 

7. MOPFl. TFSH P IN M\\<T I- NVIRONMf N I 

8. NEW CAPAHIUTY PI R1V1 I) ! linM A M*’( 1! U NSKR 

OPF.RA1 ION \ I MoDLI, 

9. RFLIA IH 1 .1T% I ,’P< ,RA DISC ()| \N OPl RA I H 'N U MOPI l., 
10. LIFETIME fXTI NMON OK AN O! I RATION vL MOP! L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT N ’(). 30 

1 TKCIlNol < H.Y REQl 1RK.MFNT (TIT1 E): PAGE 1 OF 

Hard Lander Control System for Airless Plane ts 

J. TECHNOLOGY CATEGORY. Guidance and Control 

1 tl*)FC'l 1VF/ ADVANCEMENT REQUIRED: Increase lifetime and reliability 

and change sensors for attitude control system. 


i. Cl RRENT STATE of ART: Sounding rockets incorporate similar systems 

although with more conventional senso rs. 

HAS BEEN CARRI ED TO LEVEL _ 

~>. DI.SC 111 i ,r n< i.\ < >1- TECHNOLOGY 

Hie control system must sense the actual deorbit velocity imparted by 
the lander retro-rocket, calculate the actual trajectory and flight path angle 
at impact, and control the lander attitude to produce zero angle of attack at 
inpact. Accelerometers will be used to sense the deorbit velocity and gyros 
used for attitude references. The systems must function after storage during 
the cruise phase, which may be as long as 2 years. 


P L REQUIREMI- NTS BASED ON: [T] FRE-A, □ A,Q B,D C D 

i;.\H"\aii and analysis: ~ ' 

a. ) A closed loop attitude control system is needed to control the lander 

attitude at impact because the expected deorbit velocity errors are too 
large for a pre-programmed attitude control system. 

b. ) Hard lander missions to Moon and Mercury will be examined by a Science 

Advisory Group this year (1975) and considered for inclusion in all 
future orbiter missions. 

c. ) Without close control of impact angle of attack, the landers will not 

survive the landing shock. 

d. ) System performance can be demonstrated by air bearing tests and simulation. 

Lifetime can be demonstrated after storage. 


TO BE CARRIED TO LEVEL _±p 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

30 

l TECHNOLOGY REOUIHEMENTITITLEL Hard Lander Control 

PAGE 

2 OF 3_ 

System for Airless Planets 




7 . TEC HNC >LOGY OPTIONS: 

Closed loop Ay control and fixed attitude, rather than open loop Ay and 
modified attitude* 


iffiPRQf>uciBiLrrY op th r 

HEUflDIAL PAGE IS POOP 

s. TECHNICAL PROBLEMS: 

Long term s torage of high quality accelerometers and gyros. 

POTENTIAL ALTERNATIVES; 

a. ) Very predictable deorbit motor M./2 X impulse predictability ^1/3% 

thrust direction predictability. 

b. ) Use existing inertial measurement unit (IMU) which is far more 

expensive and heavy. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Surface Penetrators for Mars are being studied under RTOP 186-68-76. For 
Mars, however, the penetrator will use aerodynamic stability to provide 
low angle of attack at impact. 

EXPECTED UNPERTURBED LEVEL 6 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Space Storable liquid rocket motors may be needed to deorbit the bus 
spacecraft which carries penetrators to Mercury. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 30 


TECHNOLOGY REQUIREMENT (TITLE): Hard Lander Control 
System for Airless Planets 


’AGE 3 Ol 


1 EC UNO I OC.Y REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. Analysis, Simulation 

2. Proof Test Design 

3. Proof Test Simulation 


APPLICATION 

1. Design (Ph. C) 

2 . Devi/ Fab (Ph. D) 

3. Operations 


3. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11 REFERENCES; 




1. "Error Analysis of Penetrator Impact on Bodies Without 
Atmospheres" Report Ho. SAI 1-120-19^-73, Science 
Applications, Inc. 


15. LEVEL OF STATE OF ART 


1. H\M< rm \ciMt NA OHM K\ IP \M) HP p<>K n t). 

2. Till nin 1 » MIMI l .A l i !) I M |H s< !,* Rj I'lll M NA. 

3. VtlH'I'i llsuiui) I’ll'i ''It 'A I | \1«| KIMIM 

OK M \ i 111 M \ nu\| \u MM 1 

4 . i'i hum m n m i n 1 \ OK < n \k \, n iiisur i>j monstrated, 

K . M M Hil \l ( • n T I'I | 


5. COMi’ONKNl OH HR! APHOARP U Ml DIN HI I F V AM 

FNVIKONMF N I IN TUI 1,A MnR . 

6. MODI l, TKsH I) IN AIK< RAH I NMlMNMI M 

7. MOURHSIlPiNO'Ui l- .' \ 1ROVIF N i 

8. NIW CAPAlii: 1 T\ IN I<t\ t 1) I R* i'.I \ M'M I! 1 ! \Sh K 

OPERA! H XI Mol )l. I 

9. RH.IAH!L1T> ’ pi.RADINf. Ol \* OPI KA » h N M MUH1 ] 

10. LIFETIME l XTF NM( >N OK AN oil RATION < .Mom 1 . 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 31 

I TECHNOLOGY RKQl IREMKNT (TITLE): PAGE 1 OF _L_ 

Video Inertial Pointing System for Shuttle Astronomy Payloads 

1. TECHNOLOGY CATEGORY: Navigation Guidance and Control 

. ( )HJ ECTIYE/ ADVANCEMENT REQUIRED: Im P rove Pointing System Performance 

and Flexibility and Lover System Cost for Shuttle Attached Astronomy Payloads 


i. ( I RRENT STATE OF ART: Use Multiple Image Dissector or Photomultiplier 

Star Trackers and/or Precision Gyros. 

HAS BEEN CARRIED TO LEVEL 9 


DESCRIPTION op TECHNOLOGY 

Current astronomy pointing systems use multiple Image Disector (ID) or 
Photo Multiplier Tube (MT) star trackers and medium quality gyros, or 

a single star tracker and precision gyros. A video sensor can be used 

to provide multistar position data for three axis error signals and 
information for a CRT display of the pointing star field. 

The CRT display at an oeprator’s console will facilitate guide star/target 

acquisition and manual positioning of the experiment. Thus the video sen- 
sor can be used to reduce the number of optical sensors, lower the require- 
ments on the gyro stabilization and provide additional system flexibility 
for shuttle-attached telescopes, where a payload specialist is available to 
assist in the pointing operations. 


P L REQl'lREMI- NTS RASED ON: 0 PRE-A, □ A, □ !!,□ C D 
(i RA I I' >\A| I AND ANA] YSIS: 

a. Investigations in astronomy require that it be possible to point at 
both bright and dim sources. Pointing at non-visible objects requires 
tracking the adjacent star field. Since the position of many dim tar- 
gets is not precisely known with respect to the star field, the ability 
to view the adjacent field and complete the acquisition with an opera- 
tor is crucial to the success of many astronomy missions. The use of a 
video type sensor can reduce the number of conventional star trackers 
and/or reduce the required quality of the gyro stabilization, provide 
human interaction. 

b. All shuttle attached astronomy payloads will benefit from this technology 
including the Shuttle Infrared Telescope Facility ^SIRTF) and the shuttle 
UV optical Telescope (SUOT), 

c. . This technology advancement will make possible a significant increase in 

the number of valuable astronomy observations due to the ability to point 
at faint stellar sources. 

d. This technology advancement should be carried to an experimental system 
demonstration on an early shuttle flight. To gain maximum impact on 
the user community, the system demonstration should include pointing of 
an astronomical instrument. 

TO BE CARRIED TO LEVEL 
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DKFIMTION OF TECHNOLOGY REQUIREMENT 


NO. 31 


1 . TECHNOLOGY REQUIKEMENT(TITLE): PAGE 2 OF JL 

Video Inertial Pointing System for Shuttle Astronomy Payloads 

7. TECHNOLOGY OPTIONS: 

1. CCD or CID versus conventional video sensors 

The CCD sensor being developed at JPL appears to have advantages over 
conventional video sensors. 


* . T EC I IN IC A L PROB LE MS : 

1. Development of a videy sensor with adequate sensitivity and resolution. 

2. Development of multi-star processing equations and techniques. 

3. Development of optimum gyro filters with rapid settling time necessary 
for astronomy missions and good steady state noise response. 

4. Development of guide star selection algorithms and manual control 
techniques. 


!). POTENTIAL ALTERNATIVES; 

SYSTEM ALTERNATIVES ARE: 

1. Use multiple ID or IM star tracker and conventional gyro stabilization 
system. 

2. Use a precision gyro stabilization system with periodic updates from a 
a single ID or IM star tracker. 


in. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. RTOP #506-19-15 "Video Inertial Pointing System for Shuttle Astronomy 
Payloads" Addresses the required technology and will carry it to level 
6, The RTOP could be expanded for the level 7 demonstration. 

b. RTOP #506-19-14 "Extended Life Attitude Control System for Unmanned 
Planetary Vehicles" 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 
a. CCD Detector Improvements 






DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 31 

| TECHNOl (KIY REQUIREMENT (TITLE): . .. . 

PAGE 3 OF 3 

Video Inertial Pointing System for Shuttle Astronomy 

Payloads 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 





TECHNOLOGY 

1. Analysis 

2. Laboratory Demonstra- 
tion 

3. Aircraft Demonstration 

4. Shuttle Demonstration 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 
2. Operations 

4. 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14 REFERENCES; 

1. NASA/AMES C141AIR0 INVESTIGATORS HANDBOOK 

2. Deboo, G. J., Parra, G. T., and Hedlund, R.C., 1974 The AINOscope 
Stellar Acquisition System. Symposium on Telescope Systems for 
Ballon-borne Research. 

3. Murphy, J. P. and Lowell, K. RR, 1974, The AIROscope Pointing and 
Stabilization System. Symposium of Telescope Systems for Ballon- 
borne Research. 

4. JPL Memo #343-8-74-219, "Star Detection Capabilities of Charge 
Coupled Imaging Devices." 



15. LEVEL OF STATE OF ART 

1. HAMC PHENUMt NA OMNI K\ VO \M> RFI^ORTED. 

2. TUI OK\ MHIMULA I U> TO l)| m ITM Pill NOMINA. 

3. THEORY UNjii>ii\ |*|l\ VI. 1 \PhKIMENT 

OH MAI III M VTK'Al M( MM I,. 

4. PERILS! M HN( I'uiN oR r|tAKA( IT HISTIC 1)1 MONSTRATI- D, 

F.(i , MATHilAl , rcVI'UMM, MC, 


5. COM t’ONKNT Oil RREAPROARP IK ST ED IN RFI.EVANT 

FNV1K0NMIN1 IN Tin LA HORUoKY . 

6. MO OK L TEs"!! 0 IN A1RCRAM i SV1KONM1 NT 

7. MODEL TEST l P IN SPOT t N VI RON Ml NT 

B. NEW CAPA mi l TV PI H ' \"t l) M!t)M A M'TII l I SSI R 
OPERA 1 IONAL MODLL 

9. RE LIA Ml I.ITY UPi.RAPlNC Ol AN OPERA II* *N \l MODLL. 
10. LIKE TIME EXTENSION Ol AN O] 1 RATION O. MOPM.. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO # 32 


1 TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

Attitude Control Flexible Spacecraft Configurations 

2. TECHNOLOGY CATEGORY: Guidance, Navigation and Control 
:L OBJECTIVE/ ADVANCEMENT REQUIRED: Stabilization and control of large 
flexible structures through advanced techniques of modeling analysis including 

applications of observation theory, Kalman filtering and computer control* 

l. CURRENT STATE OF ART: Current design practice for spacecraft with flexi- 
ble appendages is to design control systems below frequencies of flexural modes * 

HAS BEEN CARRIED TO LEVEL 9 


.L DESCRIPTION OF TECHNOLOGY 

There are classes of large flexible structures typical of Skylab and space 
stations where stability and reduction of motion due to flexibility are 
required. If pointing type instruments are appended to the main spacecraft, 
their orientation needs to be known and controlled, and their flexibility 
effects must be controllable and correctable. The disturbance environment, 
control system design and pointing accuracy depend on the mission. Tech- 
nology is needed to establish systems and components that can achieve the 
needed pointing performance. 


P/L REQUIREMENTS BAS ED ON: (JT) PRE-A, □ A,Q B,Q C D 

<L RATIONALE AND ANALYSIS: _ — 

(a) Communications antennas, earth pointing instruments, and precise 
optical devices must be controlled to accuracies beyond present 
capabilities. 

(b) Higher efficiency of flexural mode control will result in lighter 
weight structures; hence, increased payload capability results. 


TO BE CARRIED TO LEVEL 7 


^ i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 32 


1 . TECHNOLOGY REQUIKEMENT(TITLE): PAGE 2 OF J_ 

Attitude Control Flexible Spacecraft Configurations 

7. TECHNOLOGY OPTIONS: ’ 

There are two philosophies to achieve attitude control and stabilization of 
a flexible space vehicle configuration: (1 ) Control all the vehicle 

states to some bounded value, (2) control the rigid body to some bounded 
region and allow the structure to behave in an uncontrolled manner. 

The best engineering solution is an optimum mixture of these two philosophies. 


V TECHNICAL PROBLEMS: 

1 . Adequate strain gauges to measure deformations 

2. Applications of state observer theory or Kalman filtering. 


:i. POTENTIAL ALTERNATIVES; 

Spacecraft flexible appendages and couplings can be rade stiffer;this results 
in increased weight and attendant reduction in pointing accuracies. 


U». PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

NONE 

EXPECTED UNPERT URBED LEVEL ^ 

It. RELATED TECHNOI < >GY REQUIREMENTS; 

Development of sensors, and momentum storage devioes. 


) 
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TKCIINOU K'.V KF^l 1UKMKNTS SCHEDULE; 
CALENDAR YEAR 


SCHEDULE l r l KM 


TKCHNOLOGN 

1 • Analysis/Simulation 
2. Design 
:i. Fabrication 
I. AND Test 


APPLICATION 

1 . Design (Ph. C) 

2. Devi/ Fab (Ph. D) 
:i. Operations 


USA OK SC1IKIH l.K: 



1 EC 1INO1.O0Y N I : Kl) DAT 
NUMB Kit OF LAUNCHES 


ItKKK ItKNC KS; 



I. Attitude control of a flexible space vehicle by means of a linear state 
observer, British Aeronautical Journal, February 1975* Smith-Gill. 


LKVKL OF STATE OF AItT 


UAMr |'H> NuMt NA OHM lUl l> VM> HI |i*lUl 0. 

M »HM r i 1 1 s> in |>t j.’IU ,*'11 vi AU na. 

UMIhHS IM'NtIMKM 

Uit \l V till M \ I U \l Mt U'l l 

IH K HM \ I II Si tiON Dll I 1IM.VI I HtlS'l 1C hi MONSTKAI H) 
V . MA 1 1 Id \I t < V l‘( ) ,| »,| | < , 


5. COMitJM S 1 Ol? UK1 AM»)\IU» II ill DIN HHIV \N l 

invihonmim in i;i» i*ao>k\ i« 

6. MODI l. Ih'llilN Alltt HAM I V.Ilu »VI N i 

7 . MODH Tt Mi n ,s si*V 1 IK' AMI \ i 

8. N»W IAPAU11 m I \ It 1 ', r h I l*« >'l A V t i: U H 

OPfKAll“N\l ’*t> >1)1 I 

9. KK.lAlUim ; n. RAHIM Wl V n|»i R\.l' NM Mobil 
10. UIUIMI l,\U‘otoM)l ANo|III\1Id‘. MdIHI . 
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DEFINITE »N OF TECHNOLOGY RE^ITUEM KNT NO. 33 

1 TECHNOLOGY RKQl IK KM KNT (TITI.K): fig ure control of PAGE 1 OF 3 

Large De f or roa ble„ S t ruct u r e s 

j. TECHNOLOGY CATEGORY: Guidanc e, Navigation and Control 

OBJ ECTiVE/ ADVANCEMENT REQUIRED: Surface and shape control of large 

flexible o r furlable antenna str uc tures an d perhaps mirrors. 


l. Cl RKENT STATE OF AIM: Prelim i nary Investigations of concepts materials 

tor Maxge^apace antennaes ongoing a t Lev is, J.P.L.. and Langlev. 

HAS BKEN CARRIED TO LEVEL 3 


>. DESCRIPTION < > I- T 1 .C IINOLOGY Figure or shape control of large flexible 
antenna structures is necessary to maintain efficiency and high gain for 
increased bandwidth applications. To provide shape control to fractions 
of a wavelength in the operating frequency region of interest will require 
advances in the theory of shape control and the technology of sensors 
and actuators. 


1> 1. RKWl'IKKMl' NTS BASKDON: [x) PKK-A, □ A,Q B,Q C/1) 
(i IxATl' >\AI I AM) A N A I VS1S : 

(a) The need for large lightweight antenna structures for 
increased communication capability has been established. 

(b) Ir addition to optimizing gain characteristics of large 
antennas» optical telescopes and large laser mirrors will 
benefit from this technology. 

(c) Thermal warpage, temperature gradients, and spacecraft and 
environmental disturbances will seriously degrade shape unless 
compensated. 

(d) Because the lightweight structures will not be abK to 
maintain figure (even if controlled) in a lg environment, 
testing in space v ill be mandatory. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 33 

1 . 

TECHNOLOGY REQUIREMENTHTTLEL Figure control of PAGE 2 OF 1. 

Large Deformable Structures 

7 . 

TECHNOLOGY OPTIONS: 

Techniques for control of shape of large deformable structures will 
depend on mission characteristics. Control which utilizes a large 
number of sensors and actuators distributed over a flexible structure 
has been investigated for mirrors, but not in other areas. A unified 
theory for shape control of any flexible spacecraft configurations is 
an option. 

N. 

TECHNICAL PROBLEMS: 

1. Analysis of disturbance environment and shape control. 

2 , Actuators and sensors for shape control. 

<>. 

1 >OT E NT1AL nl/J’KKNA TI V E S : 

Increased structural weight with reduced dynamic range of sensors and 
actuators . 

10 . 

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

ATOP 506-17-11, 506-17-15 

Large erectable space structures and advanced concepts for spacecraft 
antenna structrues. 

EXPECTED UNPERTURBED LEVEL 

ii 

. RELATED TECHNOLOGY REQUIREMENTS: 
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I ) !•: I IMTION OF TECHNOLOGY REOLIREMFN' NO. 33 

TECHNOLOGY IM'Ol IKKMENT (TITLE) : Figure control of PAGE ,i OF 


12. TECHNOLOGY KEOl 1KKM ENTS SCHEDULE: 


SCHEDULE ITEM 


TECHNOLOGY 

^ Analysis and 

Simulation 
*> Activator and 

Sensor Design 
;L Preliminary Gnd. 
Testing 

4. Expt. Design and 
Fabrication 
Space Checkout of 

-System 

APPLICATION 
1 . Design (Ph. C> 

L\ Devi/ Fab (Ph. I» 

Operations 


LI. USA OF SCllFDt EE: 


CALENDAR YEAR 

?() 77 7b 7D 80 M s2 b;j b! n> M> s7 ss s<) DO 01 




TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


111 


1 1 REFERENCES: 

1. Research and Technology operating Plan Summary, Fiscal Year 
75 National Aeronautics and Space Administration 

2. A Technique for Designing Active Control Systems for 
Astronomers-Telescope Mirrors. Creedon J. F. and Howell, W # E. 
NASA TND-7090 


REPRODUCIBILITY of the 

ORIGINAL. PAGE IS POOR 


15. LEVEL OF STATE OF ART 


1. HASH I*m NOMt- \A OHM KV1 D \Nl> 'll K< MU I l). 

2. TIIMm\ lOMMrijV 1 1 D T) 01 S( Mill iMM NOMINA. 

3. THKOln ThSllnm PMWVAL I \M H1MI NT 

OK M VI III M\IK'\I MOM1 L. 

4. PMUIMNi IlM Ii«»N ou i HAKA( H IUS1 IC III- MONSTKATKD, 

f.g. . mai y kia i < » >> ro' i m t i, ic. 


5. COMi’OM NT OK lUlKADnOAKn 1 KSIKP IN RKI Y VANT 

ENVIKONM FN1 IN THV LAHOKATOKY. 

6. MOIH l. TKSM I) IN AlfUTUl- T i NVIRONMI NT. 

7. MODFl. TKSTI l> IN S3WCI KNV1RONM1 Ni . 

8. NKW CA PA HI 1 I TV I>l HI VI D } fU >M A M"OI U.SNhR 

OPFKA1 IONA I , MODI L. 

9. RKMAHIUTV MN.KAIHNC Ot OPiaUnoNAl MOPKL.. 
10, LIFKTIMK IX11-NMON OK AN Oi l RATION U. MOIH 1.. 



f 


DE FINTTU »N OF TECHNOLOGY RIX/ITREMENT \'< >. 34 


I TKCHNOl OGY RKgi 1 HEM ENT (TITLE): CAGE 1 OF 3 

High Accuracy Instrument Pointing System for Flexible Body S/C 


TECHNOLOGY CATEGORY: Instrument Articulation Control 

ORJKl”! 1YE/ ADVANCEMENT REOiTRED Higher accuracy instrument stabili- 
zation and pointing control for planetary missions performed by Mariner 


class spacecraft. 

i. C'l RUE NT STATK OF Mil': Spacecraft base-body stabilization is used as a 

reference to provide instrument LOS rate control and pointing accuracy. 

HAS BEEN CARRIED TO LEVEL 2 


:>. DESCRIPTION Ol- TECHNOLOGY 

The approach to improving the science instrument pointing and scanning capabili- 
ty of planetary mission spacecraft will be to develop an instrument platform 
havir,^ a fast response, inertially stabilized instrument line-of-sight . Such a 
system would provide high accuracy (arc-second region) pointing for various 
imaging, telescope and astronomy experiments. The mechanization would consist 
of a high bandwidth controller utilizing a two-degree-of-freedom (2 DOF) gyro 
mounted on a 2 DOF platform with direct drive (gearless) actuators. By decoupl- 
ing the instrument pointing system from the rest of the spacecraft, the need for 
image motion compensation for high resolution TV is eliminated. The system re- 
quirements are derived from the projected science pointing requirements for 
planetary missions over the next two decades. To provide the most cost effective 
approach, the implementation will be based on the low-cost, long-life, dry iner- 
tial reference unit (DRIRU) and the ELACS fault tolerant programmable attitude 
control electronics. Long term drift correction of the platform mounted gyro 
will be accomplished automatically using spacecraft celestial sensors. 

P L REQEIREMI NTS BASED ON: 0 PRE-A, □ A,Q B,D C I) 

■i RA I'D >\'Al r AND ANALYSIS: 

The requirement for this task is based on the fact that current Mariner/Viking 
class attitude and articulation control systems are performance limited and 
cannot satisfy the instrument pointing requirements for many future planetary 
and comet missions. Present Mariner /Viking class spacecraft can provide 
instrument three-sigma pointing control accuracies to 0.2 degree with minimum 
angular rates to .006 deg. /sec. The time required to settle to these low rates 
following articulation of the science platform is typically several minutes for 
highly flexible spacecraft. Attempting to meet future science pointing require- 
ments solely by improving the spacecraft attitude control performance places 
undue burden on the system design and can result in severe weight and cost 
penalties. Future planetary and comet missions require instrument pointing 
a r iracies in the arc-section region. A need thus exists for a high accuracy, 
low cost instrument pointing system which can be controlled independent of 
the spacecraft attitude control system, and which is isolated from spacecraft- 
induced disturbances. Benefiting payloads are Mariner /Viking class planetary 
spacecraft and earth orbit satellites having flexible-body dynamics. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 3h 


1 . TECHNOLOGY REQUIKEMENT(TITLE): High Accuracy PAGE 2 OF 

Instrument Minting System for Flexible body 5/C 

7. TECHNOLOGY OPTIONS: 

a) Direct drive (gearless) actuators vs. geared notors 

b) 2 -DOF CRIRU vs single DOF gar bearing gyros 

c) Programmable controller vs. wired logic machine 


s . T EC IlNICAL PROBLEMS: 

a) Determination of flexible structures dynamic parameters for establishing 
inputs to IPS. 

b) Stabilization of high bandwidth controller. 


POTENTIAL ALTERNATIVES: 

a) Use of high cost single-DOF gas bearing gyros. 

b) Offset pointing of instrument from optical sensor in the instrument FOV e.g., 
star image in telescope FOV. 

c) Constrained structural design of S/C to "rigidize" the dynamics. 

d) Development of suboptimal stochastic controller for spacecraft attitude 

controller. - _ 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

1) Advancements in state estimation and prediction of flexible structure 
interaction with control systems under RTOP #506-19-lU 

2) Long-life (fluid bearing) DRIRU (Dry Inertial Reference Unit) development 
under RTOP *5o6-19-llu 

EXPEC TED UNPERTUR BED LEVEL j_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Advancements in Fluid Bearing Technology for gyros to achieve longer life and 

very low noise. Improvements in speed, power, capacity of S/C Flight Computers. 

Also implied is use of micro processors and large scale lC f s to reduce power, 

weight, size and improve reliability of system. 


/ 

7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 31* 


1. TECHNOLOGY REQUIREMENT (TITLE!: ^g* 1 2 3 4 Accuracy 
Instrument Pointing System for Flexible Body S/C 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
l _ System Analyses 

2. System Design 
3 Component Tasks 

4. Electronics & Softwar 
Tasks 

5. System Integration/La 


APPLICATION 

1. Design (Ph. C") 

2. Devi/ Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 



TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


At least one pir real 


14. REFERENCES: 

NAL" Outlook for Space Working Group V Report, ''A Forecost of Space Technology 
1980-2000." Section V, FC5-U0, Spacecraft Stabilization and Control Systems 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSFRVl D AND REPORTED. 

2. THEORY FORMULATED TO DFSCK! BE PHI NOMFNA. 

3. THEORY TESTED BY PHYMCAL I.\ PI KIM* NT 

OK MAT11FM \ HCAL MODI I,. 

4 . PEKTIM NT H NC'TION OK CHAKAC TK HISTIC DEMONSTRATE D, 

F.G., MATERIAL, COM POM* NT, Fit'. 


5. COM PON ENT OK BREADBOARD 'M-STV D IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6. MODEL TEST 1.1) IN AIRCRA1T I NVIRONM* NT. 

7. MODEL TEST! P IN SPACE ENVIRONMENT. 

8. NEW CAPABILITY DERIVED FROM A M"CM LESSER 

OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING O* AN OPERA IToNAI MODEL, 

10. LIFETIME EXT I* NSION OF AN Oi l RATION v’. MOD* L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 TECHNOLOGY REQUIREMENT (TITLE): Spacecraft Surface Forc e PAGE 1 OF 
■ Control (SURFCON) and Attitude Control System 

• C. TECHNOLOGY CATEGORY: Attitude and Translation Control 

! :L OBJKUTIYE/ ADVANCEMENT REQUIRED: Combined Attitude/Translation Control 
I of Planetary S/C for Drag-Free Trajectory/ Orbit Control and Precision Pointing 

j 

of Science Instruments 

L CURRENT STATE OF ART: Components required are within state of art (pulse d 
j plasma thruster, 10“ g sensor, magnetic bearing reaction wheel, and flight 

j computer}" HAS BEEN CARRIED TO LEVEL ^ 


o. DKSCIUI'TION OF TEC 1LN< MAX'. Y 

The Surface Force Control concept is based on the fact that a spacecraft guided 
by a free-falling proof-mass shielded from all non-gravity forces can be controlled 
to follow a true gravitational trajectory. The spacecraft is compelled to center 
itself on the proof-mass by a control syster which senses the relative 
displacement between the two bodies in three translational degrees-of-freedom 
and actuates thrusters to cancel all spacecraft surface forces producing non- 
gravitational accelerations. The approach will be to develop the control concept 
and mechanization which combines a unique sensor for detecting proof-mass position 
(developed by Stanford) with advanced pulsed plasma microthrusters and magnetic 
bearing reaction wheels (in development at JPL) for a functionally integrated 
Attitude Control and 3IJRFC0N System. The sensor for a SURFCON System has been 
I flight proven on the iRIAD Navigation satellite (1972) and the microthruster on 
the LES-6 communications satellite (1963). In the near future, advanced Transit 
' Navigation satellites, the LES 3/9, and the Synchronous Meteorological satellite 
will also be using the sensor and microthruster devices directly applicable to 

the missions. p/j, REQl'IREMI- NTS BASED ON: □ PRE-A, □ A.Q B >C3 C/D 

«>. KATinXAl.E AXD AXAI '.oIS: 

Future planetary and solar probe missions have fundamental science requirement - 
that cannot be satisfactorily met by current spacecraft attitude and translation 
control system designs. Specifically, there are many new planetary science 
experiments proposed for both inner and outer planets missions of the 1980 T s 
which require that the spacecraft follow a purely gravitational orbit/trajectory 
for highly accurate relativistic, gravimetric, and atmospheric physics measure- 
ments, as well as low orbit stationkeeping. Because of its superior radio system, 
such radio science experiments could best be accommodated using a Mariner class 
spacecraft with an appropr' to Attitude Control and Surface Force Control 
(SURFCON) System. A need thus exists for a functionally integrated Attitude 
Control and SURF CON S^s^em which provides the necessary pointing accuracy and at 
the same time provides M drag-free" trajectory/orbit control thereby freeing the 
spacecraft from ax. non-gravitational forces. 


TO BF CARRIFD TO LEVEL 


Y 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 3b 


1 . TECHNOLOGY REQUIREMENTHTTLEL Spacecraft Surface Force PAGE 2 OF 
Control and Attitude Control System 

7. TECHNOLOGY OPTIONS: 

Hone . 


S. TECHNICAL PROBLEMS: 
None. 


9. POTENTIAL ALTERNATIVES; 

Use tri-axial low-g force balance accelerometers rather than Stanford Floating 
Ball Displacement Sensor, accelerometer calibration errors may compromise 
performance. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The advanced Transit Navigation satellite program will use the 10 - ^ g sensor; 
and the LES-8/.9 and SMS programs will use the pulse plasma thrusters. JPL is 
developing the Magnetic Bearing Reaction Wheel under RTOP #506-19- lit. 

EXPECTED UNPERTURBED LEVEL _b 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Continued development of the Magnetic Bearing Reaction Wheel, 


i 

V ,4 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


no. 35 


I . TECHNOLOGY REQUIREMENT HIT LEI : Spacecraft Surface Forc e PAGE 3 OF 
Control and Attitude Control System 


Id. TECHNOLOG V REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


13. USAGE SCHEDULE: 
















TECHNOLOGY NEED DATE 

| 

| 

| 

| 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

| 



NUMBER OF LAl'NCHKS 

1 

1 

1 

I 

1 

1 

1 

1 

1 

_L_ 


1 

1 



Hi 


TECHNOLOGY 
1 System Analyses 

2. System Design 

3. Component Tasks 

4 . System In teg. /Lab Dem4 

5. Flight Verification 
Experiment 


APPLICATION 

1. Design (Ph. C» 

2. Devi/ Fab (Ph. D) 

3. Operations 
■I. 


i a 


7b 


79 


80 


81 


82 


83 


81 


83 


80 


87 


88 


89 


90 


91 


14 REFERENCES: 

1) "Description of a Surface Force Control System for Planetary Probes," JPL 
EM 3UU-U93, E. Mettler, 12/26/7U. 

2) "Radio Science Experiments on a Solar Probe," JPL IOM 391 .JU— 688 , J.D. Andersoh, 
2/19/75. 

3) "Impact of Future Attitude Control Systems on Celestial Mechanics Experiments 
JPL IOM 391 .U— 671 » J. D. Anderson, 11/26/7U. 


15. LEVEL OF STATE OF ART 


1. HARK* PHKMlMfc NA OllSh HV1 [) AND REPORTED. 

2. Tllf ORY FOKMIT.A1 M) TO Dt M li’ltt PHI M>Mh NA. 

3. THE* SH 1) Pin MEAL I \\>\ RIMh NT 

OH M AT II KM \ ri(*AI MODI I,. 

4. PKK11M MM NCTlDN OK (TIARAC TF RUSTIC DEMONSTRATED, 

F.G., MATHUAl , mypO\h\T, ETC. 


5. COM t*ONKNT OH BREAD HOARD 1 LSTK I) IN RELEVANT 

ENVIRONMENT IN TIU LABORATORY. 

6. MOnUTblH) IN AIIUHAH h NVIHONM 1 NT. 

7. MODEL TEST l.D IN S!» ACh ENVlRONMh NT . 

8. NEW CA PA HI 1 I TV D1 HlVhD UloM A M'TII LESSER 

OPERATIONAL MODLL. 

9. KELIAIULIT\ UP* .HADING OF \M»PKRA IToNAl MODEL. 

10. LIFETIME EXTENMON Oh AN Oi 1 RATION \L M<>Dh L. 


110 














DEFINITION OF TECHNOLOGY REQUIREMENT NO. 36 

I. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF A 

Radiatio n A ttitude Control for Extended Life Planetary Missio ns 

i 1. TECHNOLOGY CATEGORY: Guidance and Control 

| ;L OBJECTIVE/ ADVANCEMENT REQUIRED: Extend useful Mission life of 
I C pacecraft Control by using Radioisotope Thermal Generator (RTG) Radiation 


I CURRENT STATE OF ART- Recent flight experience with Mariner 10 
demonstrated advantage of using solar radiation for attitude control 

HAS BEEN CA RRIED TO LEVEL j 

o. DESCRIPTION OF TECHNOLOGY 

- During interplanetary and deep space flight, the radiation from RTG's impinging 
on vehicle structure is usually the primary disturbance torque to attitude 
control. If it is treated as a disturbance, it inevitably causes the use of 
propulsion expendables. Using the RTG Radiation for a control torque, allows 
significant savings in expendables. 

(Continued on Page h) 


P/L REQUIREMENTS BASED ON: □ PRE-A,D A,Q B,Q C/D 

<>. RATIONALE AND ANALYSIS: 

Fuel for attitude control propulsion can be conserved through the use of the 
radiation properties of RTG's. It seems theoretically possible to significantly 
extend the attitude control life of a vehicle for Outer Planet missions, enhancin 
the potential for penetrating deep space beyond. The advantages to the 
acquisition of scientific information are clear. It is also quite fortunate 
that valuable spacecraft system design information exists for the application 
of such a scheme for a possible Mariner Jupiter Uranus (MJU) Missions. It is 
expected that there would be significant fallout from the study so that such an 
implementation would be avail ble in a timely fashion to benefit an MJU mission. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 36 

1. TECHNOLOGY REQUIREMENTfTITLEI : 

PAGE 2 OF 

Radiation Attitude Control for Extended Life Planetary Missions 


7. TECHNOLOGY OPTIONS: 

1. Continue tradeoffs between added consumables vs added mission life. 


REPRODUCIBILITY of the 

orwinal page is poor 


s. TECHNICAL PROBLEMS: 

1. It must be fail safe. Clearly there must be minimal possibility of shorten- 
ing a mission, e.g., creating a large disturbance torque. 

2. The RTG radition must be understood as well as possible (e.g., variation with 
time) . 

3. The effect on vehicle thermal properties, including the RTG case temperature 
effect and vehicle thermal control, must be studied. 

4. Short range effects must be evaluated, such as solar radiation pressure while 


1) . POTENTIAL ALTERNATIVES; 


close to the sun. 


Use solar pressure flippers to compensate disturbance torques. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

None. 

EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 

None . 
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I)K FINITION OF TECHNOLOGY REQUIREMENT 


NO. 36 


TECHNOLOGY REQ UlREMENT (TITLE): 

Radiation Attitude Control for Extended Life Planetary Missions 


PAGE 3 OF Jc 


TECHNOLOGY REQUIREM ENTS SCIIEDUI.E: 


CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
X, Candidate Baseline 
Passive Control 

2. Candidate Baseline 
Passive Control 

3. Complete . Study 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DAT I 


NUMBER OF LAUNCHES 




11 REFERENCES: 


15. LE VE L O F STAT r O F ART 


1. MASK' I'lltMlMINA OMSHIV1 D VM) *(K Polfl M). 

2. TIIKIIU KMIMI'IAll !M<> l>I M KIIII Kill .SOM! NA. 

3. TilM>II\ H SI I I) IMnsICAI. I \l'l HIM! NT 

Oh MAI III- MAfK'.U MvDI I.. 

4. PEK 1 IMNI UNCIiONDHCIIAKP rHUST IT 1*1- MONSTRATKD, 

E.c;. . M \H HUE. ( ( M , Mi. 


COMPONENT OH JU<t ADHOAKH IKsUDh HE l KVAVI 
ENVIKONMtNI IN TW LAHOKATUKY. 

MOm L TEN ' M) IN AIKCKAt 1 * NVIHONMI NT. 

model tksi 1 n in s!>.\a e nmk< s i 

M\v capa mi rn in him d i i:»im a h le^ek 

OPERATIONAL Mo[)l [., 

RELtAHIUTA t)P‘ -KAD1M. Ol- \\ op) RA I u 'NA1 MODEL. 
LIFETIME t XT t NMi >N UK AN Oil RATION vL M<)'» L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 36 

1. TECHNOLOGY REQUIREMENT (TITLED: Radiation Attitude 

_ PAGE k OF k 

Control for Extended Life Planetary Missions 


The immediate objective of the program is to study the nature, magnitude, 
and variation of radiation developed by RTG’s for the purpose of using it to 
extend the attitude control life of three axis stabilized vehicles. At the 
conclusion of that phase, the concept will be extended to study implementations 
for spin stabilized vehicles. The immediate objective will be divided into 
two steps. The first step will serve several useful purposes, i^ven though 
it would not provide the significant benefit of an active onboard control, it 
is the simplest approach, and could be implemented as such if system, schedule 
and cost tradeoffs favored it. It would be an early fallout in the program. 
Equally important, it would establish the necessary initial conditions for 
an active, onboard control. Active control is best implemented by developing 
bi-directional torques about a nominal null point. 

The second step will be to develop active control techniques such that 
other disturbances from onboard or environmental sources may be controlled. 

The objectives will include a study of the deep space flight mode where 
application is most favorable because of the benign environment. However, 
planetary orbiters will also be studied for possible application. The goals 
will be established so that the fallout from both the passive and active control 
developments would be available to an MJU mission. 

At the conclusion of the three axis control development, the study will 
be extended to include spin stabilized vehicles. In general the goals will 
be the same as the three axis task. First develop passive techniques for 
control purposes. Flight experience and mission study information does 
not exist in the magnitude available for three axis control. Some 
preliminary mission analysis must precede the development of control techniques. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. H_ 


1 TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF JL 

Fluid Momentum Generator 

1. TECHNOLOGY CATEGORY: 

OBJ EC’TIVE/ ADVANCF’MENT REQUIRED: Demonstrate a fluid rotor momentum 

generator wultable for spacecraft application. Concept employs a circular tube 

filled with a low-viscosity magnetic fluid d riven by a linear induction motor L IM 
I CURRENT STATE OF ART: Category 4. Both fluid rotor momentum generators 

and magnetic fluids have been demonstrated, but the combination has not been 
inv es tigated for space control use. AS BEEN CARRIED TO LEV EL _4 _ 

:>. DESCRIPTION OF TECHNOLOGY 

Future missions will require extremely low torque jitter, better than can be 
accomplished with ball bearings. One possible solution is a magnetically 
suspended metal rotor, but this is a complex and expensive approach. The 
fluid rotor is potentially simple and inexpensive. Having no moving parts, 
other than fluid, it is potentially reliable. 


P/L REQUIRE MI 'NTS BASED ON: 0 PRE-A, □ A.n B.n C D 
<; RATH > N A I. E AND ANALYSIS: 

Jitter-free torquers with high reliability are required for future, high- 
precision attitude control systems for science and applications missions. 


TO BE CARRIED TO LEVEL 


i 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 37 

1. TECHNOLOGY REOUIREMENTITITLE): Fluid Momentum Grtn&r ator PAGE 2 OF 3 

7. TECHNOLOGY « T ONS : 

It may be worthwhile to provide a family of fluids for o; . *• rent applications. 


s . TEC 1 IN 1C A L PROBL E M S : 

a. Magnetic fluid development. 

b. Linear Induction Motor Development. 


!>. POTENTIAL ALTERNATIVES: 

a. MagneticalLy suspended rotors. 

b. Improved conventional ball bearings. 


io PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Magnetic fluid technology research for other uses. 


EXPECTED UNPERTURBED LEVEL 

II. RELATED TECHNOLOGY REQUIREMENTS; 


Lone . 




I)hl IMTION OF TECHNOLOGY KEOI THEME NT 


TECHNOLOGY KEQF1KEM ENT (T1T1.K): Kluid Momentum Gene rator CAGE :> OF _2_ 


1 EC HNOI .( )( ’. V H EOT 1 1 { KM K NTS SC 1 1 E Dl J I . K : 


SCHEDULE IT KM 

TECHNOLOGY 
1. Fluid Development 

2 # Motor Development 

d. Component 

l. Evaluation 


USA(M*; SCI! Kl)t l A): 


T \A MINOI.CKiY N I ! Kl) DAT I 
NUMRKR OF LAI \CHKS 


\ RKF KKKNCFS: 


None . 


CALKNDAK YKAR 



1 3. LK VE L OF STATE OF ART 


1. IVAMt Mtt \< NA » KM I* \M> '{H* >UI U> 

2. 1 III* >KV H * ttM T IAII !> ]'> l>f >' I. ’Ll i’!ll ' < NA, 

3. lilH'liV II Ml I» 'IV |'I!HF,\| 1 M-| |{|M> S[ 

OK MM III- MMIt'U MnIM ! 

4. 1*1 H i |\» % * 1 1 M 1 1* t\ i t || \ h v f ! IMS I M ’ I >1 MONS THAI M>. 

I , M\lHll\| < i '■ l'< ) ,► ‘ I , I • t 


5. COMiUMMOU au; Al»m>AKI» MM HI IN llUfVAM 

I N VI 10 >S MINI 1*4 1 111 lAlol'U"!:\, 

6. MU|iM. II > 1 Hi IN AIHUUH I SMRoS'O S | 

7. Mi *01 t Tl Ml P i% s"\‘ f r.MK'i'.’UNi 

S. NIW c A1 *\jU 1 ' ft I k H'\i li IK* r; A V* » i: I \ K 
Ol’FKAI ION VI \I"I)II 

H. HI 1 LA III I I I A , FoKAfUM * H \ ‘ ' »|*l RA i h N \l M< '!»! I 
10. UmiNU IMHMt'SOl AMJl.iaUGS >' M' »1»M 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 38 

1 TECHNOLOGY REQUIREMENT (TITLE): Measurement and Contr ol p^GE 1 OF _J_ 
of Long Base Line Structures 

2. TECHNOLOGY CATEGORY: Control 

OBJECTIVE/ ADVANCEMENT REQUIRED: Precision measurement and control 

of long base line structures for interferometry 


I ^ CUKRENT STATE OF ART* Structural design permits lower accuracy 
i interferometry . 

I HAS PEEN CARRIED TO LEVEL 7 


DESCRIPTION OF TECHNOLOGY 

To provide accurate interferometric measurement requires precise knowledge and 
stability of long base ?ine structures. These structures may or may not be 
physically connected; therefore, various control techniques from structural 
control to orbital station keeping must be used. 


P/ L REQUIREMENTS BASED ON: Q PRE-A, □ A,D B,Q C/D 
(i RATIONALE AND ANALYSIS: 

There exists a class of space experiments which require extremely long base 
line interferometry. These base lines vary from meters to earth/moon distances 
and operate from optical to RF wavelengths. This tech ology is also applicable 
to search and rescue missions for earth vehicles, i.e., aircraft, ships, ground 
stations, etc. Accurate interferometers are a promising means cf accomplishing 
this using minimal equipment on the ground mobile platforms. Accurate line of 
sight information from a master and two slave interferometer locations can be used 
to locate a ground target. Locations of the interferometer elements can be 
derived from onboard measurements or using fixed ground beacons. 


)F THE 

POOR 


TO BE CARRIED TO LEVEL _J 


reproducibility 

QRMKNAL pass IS 


V 

f 

) 


V 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 33 

I . TECHNOLOGY REOUIREMENTfTITLEL MeasurePlent and Control PAGE 2 OF _3 

of Long Base Line Structures 

7. TECHNOLOGY OPTIONS: 

Structure control vs. free-flying interferometer elements. 


s. TECHNICAL PROBLEMS: 

Measurement of baseline to order of 1 part in 10”®. 
Structural Control . 

Precision station keeping. 


!). POTENTIAL ALTERNATIVES: 

Non-optimum reliance on structural design alone. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Analyses of flexible-body spacecraft control systems. 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 


V, 
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DE F1N1TION OF TECHNOLOGY REQUIREMENT 


NO. 3S 


1 . TECHNOLOGY REQUIREMENT (TITLE): Measurement and Contro l PAGE 3 OF 
of Long Base Line Structures 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. Development of 
Measurement Tech. 

2. Development of 
Orbit Keeping Tech. 

3. Structural Control 
Technology 

1* Short Base Line 

Interelements 

5. 


APPLICATION 
1. Design (Ph. O 

?. Devi/ Fab (Ph. D) 


3. Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 



30 1 81 82 831 8 1 S3 86 87 88 89 90 91 


TOTAL 


14 REFERENCES: 


15. LEVEL OF STATE OF ART 


1. MASK’ PltKNuMhNA OllSl KVl I> \ Nl> ’IFPOKI'I.D. 

2 . TllFOin l*Ol{\!I'I«A 1 1 1) ID DFm kiki piiinomfna. 

3. THHifn U sj I I) M\ PlhMC'AI. I M»l KIMF NT 

OK M AI III MVI'K'AI, MODI 1.. 

4 . PFRlINi Mil NC THIN tin ( HAKAl VI IlISTIO Dl MONSTRATKD, 

F.O., MATHUU., (UVI'OM Si I ?c. 


5. COM t’OM'Nl OK RKI AD BOARD IESIED IN Itf.U VANT 

ENV1KONMFN 1 IN 1 Ml LAKOKATOKY . 

6. MO OK l i TKS1F I> IN AIRCRAM 1 NV IKON Ml M . 

7. MODEL TESIl P IN S!'\('l KN\ IRoNMF N 1 . 

8. NEW CAPABILITY 1)1 KIM i) FROM A WXW Kl SNKK 

OPERA! ION \ I . MODI.!.. 

9. RELIABILITA WPORAIHNC Ot \ v ( >PFRA 1'Ti >NAI MODEL, 

10. LIFETIME FXU'NMON OF AN OK RATION O, MODF L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 TECHNOLOGY REQUIREMENT (TITLE): Magnetic PAGE 1 

Large Array Assembly and Shape Management 

TEC!!N< >1 < )GY CATEGORY: Attitude control structures 

;!. OBJECTIVE/ ADVANCEMENT REQUIRED: Shape control of large arrays 


PAGE 1 OF JL_ 


I . Cl RRENT STATE OF ART: 
control of large arrays 


Mo proven technology exists for non-mechanical 


HAS BEEN CARRIED TO LEVEL 


A. DESCRIPTION oF TECHNOLOGY 

Because of the weak forces and moments involved, weak magnetic coupling and 
torquing devices may be adequate for active coupling and shape control of V-rge 
arrays . 


P/L REQUIREMENTS BASED ON: Q PRE-A, □ A, Q B,d C D 


<» HATH >\A!.I AND ANALYSIS: 

In order to make large space arrays feasible it is important to reduce weight, 
simplify deployment, and control the shape to high accuracy. Active magnetic 
coupling of light weight plates is one possibility that deserves investigation. 
The array shape could be surveyed by a laser beam and computer commands issued 
to the elements for shape control. 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. Ul 

I TECHNOLOGY REQUIREMENT (TITLE): Space Teleoperator PAGE 1 OF 

Technology 

2 . TECHNOLOGY CATEGORY: Teleoperators 

< JlVJKC'TIVK/ ADVANCEMENT REQUIRED: To define and develop experimental a nc 
p rototype teleoperator systems for earth, lunar and pl anetary orbit and surface 
operations* 

1. Cl KIIENT STATE OF AHT: Stepwise control of teleoperators under direct 

v isual feedback with limited communi cation time lag is within the state-of-the- 
art. HAS BEEN CARRIED TO LEVEL 


S. DFSC FICTION OF TECHNOLOGY 

Teleoperators represent an integration of numerous specific technologies including 
sensors, manipulators and end effectors, control and display devices and computers 
to enhance the capabilities of man by the extension of his sensory and motor 
factors. Critical parameters include the split of activities between the man 
and the supervisory computer, the interaction of man with the display and control 
devices, the ability of the manipulator to provide the required dexterity, and 
the ability to accommodate varying and potentially long time delays. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A, Q B,Q C/D 
<; RATIONALE AND ANALYSIS: 

Where man is involved, for economic, safety, and technical reasons, it is desir- 
able that his capability to conduct space operations be enhanced and extended 
where possible. Teleoperator systems offer a great potential for doing this, 
functioning as extensions to spacecraft; as free flying vehicles remotely 
operated from the Shuttle, space station, on the ground; or as surface vehicles 
remotely operated from earth, the teleoperator will augment the human in 
performing a number of useful tasks which otherwise would not be possible. 

TYPICAL TELEOPERATOR APPLICATION - It is not expected that the teleoperator 
will be used in every circumstance but that it becomes a candidate for missions 
where the return is effective, such as: 

1. Space Shuttle Payloads/ Automated Satellites 

Inspection, Deployment, Retrieval, Maintenance/Repair, Resupply assembly/ 
mating . 

2. Surface Exploration : Sample Handling, Autonomous Navigation, Obstacle 

Avoidance, Control in Presence of Large Time Delay. 

TYPICAL MISSION CANDIDATES: HE-01-A, AP-01-A, LS-02-A, OP-Oh-A, CN-Sl-A, 

EO-56-A, CN-5U-A, CN-58-A, E0-09-A, EO-57-A, E0-0$-S, AP-06-S, AS-01-A, ST-01-A. 
Radio Astronomy Telescope (200m Dia.) Microwave Power Transmission (100m Dia.) 

TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO, 41 

1. TECHNOLOGY REOUIREMENTITITLEI: 

PAGE 2 OF i 

Space Teleoperator Technology 


7. TECHNOLOGY OPTIONS: 

The technology options include: Different manipulators, end effectors and 

controllers; various manipulator-based sensors (proximity, tactile, torque/force) 
with varying degrees of resolution; various control input capabilities; various 
mobility units for manipulator transportation and positional (Free flying space- 
craft, roving vehicles, etc.); various information feedback and display devices; 
and various digital processors and related programs. 


tS . TECHNICAL PROBLEMS: The major technical problems are: 

a. ) Development of relevant sensors and displays is only in a preliminary stage. 

This is particularly true for manipulator tactile, force and proximity sensors 

b. ) The proper methods for dividing work and responsibility between man and the 

computer has not been investigated. A thorough analysis of the role of various 
digital processors and control methods for remote manipulation is missing. 

c. ) The development of manipulators with sufficient dexterity still must be achievejd 

d. ) In general- the short time history of and very limit d experiments with rele- 
t breadboard systems represents a problem. 


van 


I). POTENTIAL ALTERNATIVES: The obvious potential alternatives are: 

a. ) Send man with his own manipulative capabilities where such capabilities are 

needed to achieve the goals of the mission. 

b. ) Let remote control be performed using the technology of yesterday (stepwise, 

rigid, inflexible, risky, tiring operations which in addition would require 
costly ground support.) 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP //970-83-20 'Teleoperator Technology Studies for Communication Delayed 
Controls . " 

RTOP //970-63-20 'Technology for Remote Manned Control for Payload Servicing. " 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 


Special sensors (proximity, tactile, force/torque technology; miniaturized digi- 
tal processor technology; interactive software technology; special purpose dis- 
play technology; task and motion analysis technology; performance evaluation 
technology; and man-machine interface component technology. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 41 


TFC 1 1 NO U >G Y REQl'lHEM ENT (TITLE) : 

Space Teleoperator Technology 


’AGE 3 OF 


' - • TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


schedule ITEM 


TECHNOLOGY 

1 . Components Development 

2. System Integration 

3 . Experiments 

4. Function Tests 

5. Simulated Space Flight 
Tests & Documentation 


2. Devi/ Fab (Ph. I)) 

3. Operations, Version I 

4. Operations, Version I 


3. USAGE SCHEDULE: 




14. REFERENCES; 

1. Bejczy, A. K. , "Environment-Sensitive Manipulator Control," Proceedings of 
the 1974 IEEE Conference on Decision and Control, November 20-22, 1974, 
Phoenix, Arizona. 

2. Bejczy, A. K, , "Advanced Automation Systems for Manipulator Control Techno- 
logy Survey, " JFL AST Report 760-77, December 15, 1972. 

3. Bejczy, A. K. , "Remote Manipulator Systems, Technology Review and Planetary 
Operation Requirements," JPL AST Report 760-77, July 1, 1972. 

4. Heer, E. , ed. , "Remotely Manned Systems — Exploration and Operation in Space 
Proceedings of the First National RMS Conference ."California Institute of 
Technology Publication, Pasadena, California, 1973. 

5. "Summary Proceedings of the Second Conference on Remotely Manned Systems, 
Technology and Applications," USC, Los Angeles, California, June 9-11, 1975. 

6. Study Results from NASA contracts : NAS8-27021, 27895, 29153, 29024, 28298, 

28055, 30266, and 31290. 


1 5. LE VE L OF STA l E OF ART 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. * l 

I TECHNOLOGY REQUIREMENT (TITLE) : PAGE 1 OF _±_ 

Supervisory Control of Remote Manipulators 

>. TECHNOLOGY CATEGORY: Teleoperators /Robots 

OBJECTIVE/ ADVANCEMENT REQUIRED: Increase efficiency, versatility, 
and safety, and decrease cost and complexity, in performing remote manipula- 
tive operations in space vith special emphasis on humanizing 11 (cont f d onpg. 4) 
i. OLURENT STATE OF ART: Stepvise control of remote manipulators under 

direct visual feedback and vith no communication time lag is (cont'd on pg. 4) 

HAS BEEN CARRIED TO LEVEL 


;>. DESC UI PTK )N OF TECH INOEOG Y 

Supervisory control deals with the allocation of control between the man and 
the manipulator. Efficient, versatile, and safe control performance of re- 
mote manipulation depends to a great extent on the allocation of control 
functions between operator and control computer. Distribution of control 
between man and computer in turn depends on the following basic factors: 

(a) The mechanical and servo characteristics of the manipulator and end effector. 

(b) The components of the manipulation-related visual and non-visual information 
systems including displays and manipulator-based sensors, (c) Characteristics 

of task categories and properties of manipulator motion phases, (d) Complete- 
ness of task description in logical and arithmetic terms matching the capa- 
bilities of the remote manipulator control system which also includes man in 
the control loop. (e) Miniaturization of sensory and digital data handling 
devices, (f) The structure and interactive capabilities of the control software. 
The state of the art can be reviewed in Refs. 1 to 5. 

P/L REQITREMI- NTS BASED ON: Q PRE-A.d A,D B.Q C D 
<'• RATI* >\A1.F AND ANALYSIS: 

(a) Novel and efficient allocation of manipulator control functions between man 
and computer will be required for the shuttle-attached remote manipulator sys- 
tems, free-flying teleoperators, and planetary/lunar surface explorers, (b) All 
earth orbital and plane tar y/lunary surface missions which require manipulative 
capabilities will benefit from supervisory control capabilities. (c) Efficiency, 
versatility, and safety in performing manipulative operations in space with or 
without the constraints of communication time lag is directly proportional to 
the capabilities of a supervisory control system, (d) This technology advance- 
ment should first be carried to an experimental demonstration for relevant and 
true space flight conditions simulated on earth. Then, a first level version 
of this technology should be implemented for an unmanned surface explorer and/or 
for an early shuttle flight. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 42 

t TECHNOLOGY REOt’lHEM ENTf TITLED 

PAGE 2 OF _4 

Supervisory Control of Remote Manipulators 


7. TECHNOLOGY OPTIONS: 


The technology options include: different manipulators and end effectors; 

various manipulator-based sensors (proximity, tactile, torque/force) with 
varying degrees of resolution; various control input capabilities; various 
information feedback or display devices; various digital processors and 
related program. 


s . T KC I IN IC A L PROBLEMS: 

The major technical problems are: (a) Short-time history of and very limited 
experiments with relevant bench model or breadboard systems, (b) Development of 
relevant sensors and displays is only in a preliminary ^tage. (c) Motion and con- 
trol related human factors is insufficient, (d) A thorough analysis of the role 
of various digital processors and control schemes for remote manipulation is 
missi . (e) Lack of development and/or application of miniaturized sensors and 
ditital processors. 

!). POTENTIAL ALTERNATIVES: 

The obvious potential alternatives are: (a) Send man with his own manipulative 
capabilities where such capabilities are needed to achieve the goals of the 
mission (s). (b) Let remote control be performed using the technology of yester- 

day (stepwise, rigid, inflexible, risky, tiring operations which in addition 
require costly ground support). 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP #970-83-20-41 'Remote Manipulator System Control and Man-Machine Interface" 
can be expanded to include demonstration tests under relevant space flight 
conditions simulated on earth. 


EXPECTED UNPERTURBED L E VE L 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Special sensors (proximity, tactile, force/torque) technology; miniaturized 
digital processor technology; interactive software technology; special purpose 
display technology; task and motion analysis technology performance evaluation 
technology; man-machine interface component technology. 


i 

\ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 42 


1. TECHNOLOGY REQUIREMENT (TITLE): 

Supervisory Control of Remote Manipulators 


PAGE .3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Components Development 

2. System Integration 

3 . Bcperiments 

4. Function Tests 

5. Simulated Space Flight 
Tests & Documentation 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations. Version I 


■1. Operations, Version I! 


USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11 REFERENCES: 



15 26 32 41 53 55 58 61 64 68 


1. Bejczy, A.K. , "fovironment-Sensitive Manipulator Control," Proceedings of 
the 1974 I EEE Conference on Decision and Control, November 20-22, 1974, 
Rioenix, Arizona. 

2. Rejczy, A.K., 'Advanced Automation Systems for Manipulator Control Techno- 
logy Survey, "JR. ATS Report 760-83, December 15, 1972. 

3. Bejczy, A.K., 'Remote Manipulator Systems, Technology Review and Planetary 
Operation Requirements, "JR AST Report 760-77, July 1, 1972. 

4. Heer, E. , ed., 'Remotely Manned Systems — Exploration and Operation in 
Space, " Proceedings of the First National RMS Conference, California 
Institute of Technology Riblication, Rtsadena, California, 1973. 

5. 'Summary Proceedings of the Second Conference on Remotely Manned Systems, 
Technology and Applications, " USC, Los Angeles, California, June 9-11, 1975. 


15. LEVEL OF STATE OF ART 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 42 

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 4 OF _4_ 

Supervisory Control of Remote Manipulators 

Continued from page 42, page 1 of 4: 

3. OBJECTIVE/ADVANCEMENT REQUIRED: the man-machine control and information 


4. CURRENT STATE OF ART: within the state of the art. On the other hand, 

supervisory control of remote manipulators is typified by preliminary 
bench or breadboard systems and experiments (reviewed in Refs. 1 and 2) 
and as of 1975. 





DE’ LNITlON OK TECHNOLOGY REQUIREMENT NO. *3 

1 TECHNOLOGY REQUIREMENT (TITLE): Satellite Servicing PAGE 1 OF _1_ 


2 . TECHNOLOGY CATEGORY: Guidance, Navigation & Control 

OIJ.J ECTI VI :/ ADVANCEMENT REQUIRED: Provide technology for Satellite 
Teleoperator Common interface equipment development. 


I . CURRENT STATE OF ART: Preliminary economic and operational guidelines 
developed through advanced mission studies. 

HAS BEEN CARRIED TO LEVEL 

:>. DESCRIPTION < >!■ TECHNOLOGY 

Technology development to determine optimal interface hardware 
conceptual designs to enhance satellite servicing capability and 
verified through on-orbit experiments. 


P L REQI IREMI NTS BASED ON: □PRE-A.Q A,GD «.□ C I) 
<; RATIUNAI E AND ANALYSIS; 

For economic, safety, and other technical reasons, it is desirable to 
enhance and extend capabilities to operate in space. Remote controlled 
satellite servicing offers a great potential for providing this 
capability. 


TO BE CARRIED TO I EVEl. 
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PEL INITION OF Tf’-CHNOI.OGY REQUIREMENT NO. jt4 

! TECHNOLOGY REQUIREMENT (TITLE): Multi-Purpose Panel PAGE 1 OF 3 

J. TECHN* >1 .( >C,Y CATEGORY: Llfe Sciences 

. . o I )■} ECTl V F. / AiA’AN C E M E NT REQUIRED: Develop a programmable 

alphanumeric display. 


I. (’I KKKNT STATK OF ART: Feasibility and practicality has been shovn. 


HAS BEEN CARRIED TO LEVEL 


:>. DESCRIPTION oi TEC HN< >1.00 Y 

Develop an addressable alphanumeric display for flight and ground 
based control and display stations which will permit rapid changes 
in panel nomenclature and control outputs. 


P/1, REQUIREMI NTS BASED ON: Q PRE-A, □ A.Q B.Q G D 
ISA IT »\AI I AND ANALYSIS: 

There is presently a need for a flexible control panel that can be 
programmed to satisfy the requirements of many unrelated but similar 
systems. The need for this type of technology is required where 
panel space is limited and would compromise the prime objective of 
an experiment or subsystem. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


TECHNOLOGY REQUIREMENT (TITLE) 


NO. 44 


12. TECHNOLOGY REQUIRPJM ENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Flight Concept 

2. Proto/Flight Design 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ I'ab (Ph. D) 
Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11 REFERENCES: 

Contract NAS3-31266 
Phase I Study Report 



nrrimTT 


15. LEVEL OF STATE OF ART 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 44 

1. TECHNOLOGY REQUIREMENT (TITLE): Multi-Purpose Panel PAGE 3 OF 3__ 


During the ATM Control and Display effort in the Skylab Program, 
some shortcomings of a large scale dedicated C and D panel were 
encountered. The impact of panel changes resulting from refine- 
ments of the various subsystems was of primary concern. The 
modification of panel wiring and nomenclature at the many system 
development stages was both time consuming and costly. Another 
significant problem was human ?rror created by grouping many simi- 
lar experiments together. The operator would tend to be confused 
by nearly identical controls located near each other. 

To overcome these problems, a Multi-purpose Panel is being con- 
sidered. Under this concept, a large scale control and display 
for a number of similar subsystems or experiments would be 
replaced by a single small scale panel capable of being pro- 
grammed . 

The fabrication of a Multi-purpose Panel is made practical at 
this time by a number of recent developments. The evolution of 
electronic display technology in recent years now allows us to 
seriously consider the concept of changeable panel nomenclature. 
The maturation of miniaturized electronic and memory devices then 
provides the flexibility, compactness, and economy required to 
consider the Multi-purpose Panel as a viable alternative to dedi- 
cate control and display panels. The Multi-purpose Panel is 
compatible with the trend toward sophisticated Data Management 
Systems where digital address and multiplexing are central 
features. Finally, projected as a concept to be applied in the 
Space Shuttle Payload Station, the Multi-purpose Panel will 
economically provide the flexibility for such a mission. 


!ssa- 
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DEFINITION OF TECHNOLOGY REQUIREMENT MO. ^ 

I TECHNOl.OGY REQl IREMENT (TITLE): End Effector and PAGE 1 OF 1 

Sensors 

i. TECHNOLOGY CATEGORY: Space Teleoperator Technology Requirement 

* . ' * 13 i E CTIVE/AD VAN C E M E N T REO U I K E D : Development of end effectors/sensors 
of near human dexterity and sensitivity. 


I. Cl KKEN T STATE OF ART: Basically a parallel jav design lined with 

friction type material for grasping and limited feedback sensors, 

HAS BEEN CA RRIED TO LEVE L __ 

‘>. DESOiilFT ION OF TECHNOLOGY 

The following technical investigations and design goals should be 
considered . 

a. End effector/task trade studies. 

b. Initiate design effort for an end effector from the trade studies. 

c. Conduct technical design effort to integrate a tactile sensor in the 
end effector, and software for handling time delay conditions. 

d. Low weight, minimum profile. 

e. Jaw closure plus rotation. 

f. Universally adaptable to manipulator. 

p/L REQUIREMEN TS BASED ON: □ PRE-A, □ A, □ B,Q C D 

UAH' >\Al.F AND ANALYSIS: ™ ~ ~ 

Optimum end effector design is highly dependent on the task for which 
it is to be used. Efforts to develop a universal end effector has been 
consistently unsuccessful. The usual end effector being utilized at 
present is one of parallel jaws with contours and lined with a material 
to provide a type of friction necessary for grasping and holding. Some 
work has been conducted in adapting a standard interface with a set of 
common tools opening/closing and rotary action. Tactile, proximity, 
etc., sensors to improve the effectiveness of the devices are in various 
states of technology; however, none of those have been successfully 
integrated. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. - 46 

1 TECHNOLOGY REQUIREMENT (TITLE): Teleoperator PAGE 1 OF J_ 

Controllers 

2. TECHNOLOGY CATEGORY: Space Teleoperator Technology Requirement 

< »1>JECTIVK/ ADVANCEMENT REOIilRED: Development of a single controller 

for 6 Degree-of -Freedom plus end effector, adaptable to use for both 


manipulator and remote vehicle control. 


I (TKUFNT STATE OF ART- * nac *equate f° r accomplishment of the above with 

crosstalk betwee n command signals, size constraints on human performance, 

HAS BEEN CARRIED TO LEVEL 


DKSCKIHTION he technology 


Technology should be developed to meet the following design goals* 

a* Single controller for 6 DOF plus end effector. 

b. Minimum crosstalk between command signals. 

c. Small size. 

d. High resolution, continuous output. 

e. Control logic adapted to manipulator/task. 

f. Force control modes. 

g. Adaptable to use for both manipulator and 
remove vehicle control. 

h. Maximize human performance capability. 


P/L REQUIRKMI NTS BASED ON: Q PRE-A,Q A,Q B,Q C/D 
(i RAT I* >\ALK AND ANALYSIS: 

At present the controllers available for use with remotely operated 
6 DOF manipulators suffer from many shortcomings. Among these are: 

a. Size. 

b. Crosstalk between command signals. 

c. Number controllers. 

d. Constraints on human performance. 

No acceptable controller exists for dexterous manipulators to be used 
for servicing tasks in a remote space environment. 

TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


I TECHNOLOGY REQUIREMENT (TITLE): Wrist Mechanisms 


PAGE 1 OF 1 


TECHNOLOGY CATEGORY: Space Teleoperator Technology Requirement 

OH IECTIVE/ ADVANCEMENT REQUIRED: Light weight. 3 Degree-of-Freedom 
(DOF) with common pivot point. 


1 . (’( KRENT STATK of AH T: Presently wrist designs having 3 DOF, have 

series joints to provide freedom. 


HAS BEEN CARRIED TO LEVEL 

o. DESCRIPTION oi TECHNOLOGY 

Develop a 3 DOF wrist with common pivot meeting following goals: 

a. Joint ordering: Pitch/yaw/ roll or yaw/pitch/roll. 

b. Light weight: 10% of manipulator arm or less. 

c. Capable of 15 ft. lbs. torque in each axis. 

d. Universally adaptable to manipulator. 

e. Integration of wrist force sensor. 

f. Minimum power transfer across joints. 

g. Universally adaptable to end effector & sensors. 


P/L REQUIREMENTS BASED ON: □ PRE-A, □ A, Q B.n C/D 


RATH >\AEF AND ANALYSIS: 


There are certain characteristics of the manipulator configuration 
which make the arm control logic simpler and easier to implement. 

These concern the ordering of the joint motions and the relationships 
between the final three degrees-of-f reedom. At present, there is 
no wrist mechanism meeting the goals of a remote operated manipulator. 
Such a device should meet the above goals. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. Jti 


I TECHNOLOGY REQUIREMENT (TITLE): Miniature TV Camera PAGE 1 OF JL 


1. TECHNOLOGY CATEGORY: Space Teleoperator Technology Requirement 

;L OBJECTIVE/ ADVANCEMENT REQUIRED: Miniature TV camera for compatible 
interf ace/mounting on manipulators. 


{. Cl RRENT STATE OF ART: Currently TV cameras are too large for compatible 
interface/mounting on manipulators. 

HAS BEEN CARRIED TO LEVEL 


r>. DESCRIPTION OF TECHNOLOGY 

Advance TV technology for reducing the size of the TV camera to meet the 
following requirements: 

o 

a. Size - 36 in. 

b. Weight - 1,516 

c. Capable of mounting on manipulator arm 

d. Zoom, self-focussing lens, wide angle to telephoto 

e. Integrated light source 

f. Automatic parallax adjustment 

g. Useable as a stereoptic pair 

h. Color adaptable 

i. Automatic light intensity control 

j. Maintain operator performance requirements 


P/L REQUIREMI NTS BASED ON: Q PRE-A, □ A.O B.d C D 
RATIONALE AND ANALYSIS: 


Present camera technology will meet the general requirements of the 
teleoperator system except on the size and weight of the on-board 
units. Upon taking action to reduce size and weight, it may be 
necessary to employ different sensor and electronics technology. 
These techniques are generally available; however, no unit is avail- 
able that will, with a single camera, meet the complete requirement. 
Additional technology is required in the design and assembly of a 
camera which will meet these requirements. 


TO BE CARRIED TO LEVEL 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. Jil 


1 TECHNOLOGY REQUIREMENT (TITLE): Image Enhancement PAGE 1 OF 


> TECTINC >L( >GY CATEGORY: Space Teleoperator Technology Requirement 

;L ( )1>J KC'i IVE/ ADVANC EMENT REQUIRED: Improve and clarify jpoor images 

resulting from blurring, washout and poor contrast of video signals. 


I. CURRENT STATE OF ART: The technology is basically available but 

requires refineme nt and development into flight conf iguration. 

HAS BEEN CARRIED TO LEVEL 


f). DESCRIPTION OF TECHNOLOGY 
1. Image Enhancement 

Operator viewing of teleoperator television cameras requires 
sharp imaging of the target. Poor images arise from many sources 
resulting in poor contrast, washout, blurred details, etc. There 
a e a number of techniques which can be utilized in providing a 
better image under given circumstances. Generally, the methods 
are based on processing the video signal data such as to eliminate 
the undesirable effects. The time required and the complexity of 
the processor depends on the nature of the original image and the 
method employed. 


P/L RKQl'IRKiMKNTS BASKD ON: □ PRE-A, □ A,Q B.Q C D 
<; KATl"\A|.r AND ANALYSIS; 

The requirements of the teleoperator are generally as follows 
for video signals: 

a. Near real time processing cycle: 1-2 sec. 

b. Ease of control by operator. 

c. Increase contrast and sharpen edges. 

d. On-site processing desirable. 

e. Minimum processor complexity - may be dedicated. 


TO BK CARRIED TO I.KYKL 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


50 


I TKCllNOl OtiY REQUIREMENT (TITLE): Video Signal PAGE 1 OF _L_ 

Conmunication 

TECHNOLOGY CATEGORY: Space Teleoperator Technology Requirement 

‘ > i.l-1 EC'l IVK/ ADVANCEMENT RECHIIRED: Develop communication techniques 

adequate for handling 3 video & 1 telemetry signals in a banwidth less 

than 10 MHz. 

Cl KRENT STATK OF ART: Inadequate - Three 4.5 MHz video signals plus 

telemetry on 10 GHz R.F. carri er is present state of art. 

HAS BEEN CARRIED TO LEVEL 


:>. DESCRIPTION OF TECHNOLOGY 

Develop communication techniques adequate to meet the following requirements. 

a. Place three 4.0 MHz video signals plus telemetry in a bandwidth 
less than 10 MHz. 

b. Display a stereo video signal which can be used by the 
operator (meet his performance requirements). 


P/L REQUIREMENTS BASED ON: □ PRE-A,Q A,Q B,Q C/D 
<: RATIONALE AND ANALYSIS: 

The visual sensor/system provides about 90% of the sensed information 
input to the operator of the teleoperator. For some tasks visual sense 
requirements can be met with a single well placed monoptic television. 
Additional tasks require that the television camera be moveable. Further 
some tasks require two television cameras operating simultaneously. The 
most exacting servicing tasks require a stereoptic display. The last 
requirement can be met with a pair of cameras operating as a stereo pair 
plus a single camera giving monoptic image from a different direction. 

The communication system requirements become increasingly difficult as 
the number of cameras increase. Color capability increases it further. 


reproducibility op lltE 
ORIGINAL PAGfl IS POOfc 


TO BE CARRIED TO LEVY I. _ 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO MOC-1 

PAGE 1 


REF. NO. 


PREP DATE REV DATE LTR _ 

CATEGORY Guidance, Navigation & Control 


TITLE Low Cost Navigation Indepdent of NASA Tracking Facilities 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 


7 


TECHNOLOGY ADVANCEMENT REQUIRED 

There exists several widespread naviga- 


tion nets for aircraft use around the 


world. The most notable are DME and Omega. These may be usable for s 


craft navigation on an autonomous basis and therefore relii 


tracking net of some of its work load. 


accurate, near autonomous operation for a large class of earth observation 


;es (particularly survey and monitoring missions). What is present!' 


required is an experiment to assess the capabilities of these ground systems 



4. SCHEDULE REQUIREMENTS I 

PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 


.. YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT 


NUMBER OF PAYLOADS 


TECHNICAL BENEFITS Lower operational costs through autonomous operation and 


the use of existing facilities in a new w 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 


RISK IN TECHNOLOGY ADVANCEMENT 


TECHNICAL PROBLEMS The technical risks are very low. The first cost is to 
fly a survey mission using modified aircraft navigation equipment to determine 


signal strength, potential accuracy and problems unique to space 



REQUIRED SUPPORTING TECHNOLOGIES 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE Low Cost Navigation Independent of NA SA Tracking Facilities NO. NGC-1 

" ~ PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Modified Aircraft Navigation Gear 


TEST DESCRIPTION : 


Range of altitudes 
ALT. (max/mm) 500 / 300 km, INCL. 


(continuous 
deg, TIME hr 

automatic ) 


BENEFIT OF SPACE TEST: Potential cost reduction of mission support 


EQUIPMENT: WEIGHT 100 kg, SIZE ? X ? X ? m, POWER .1 kw 

POINTING STABILITY DATA 

ORIENTATION Earth CREW. NO. OPERATIONS/DURATION / 

SPECIAL GROUND FACILITIES: None 

EXISTING: v cS □ NO □ 

TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: This device exists for aircraft flights 

in an operational mode; no further tests other than preparation for shuttle 

is needed 

TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


EXISTING YES □ NO □ 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 

COST IMPACT 

PROBABILITY 




COST RISK $ 
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NGC-2 


FUTURE PAYLOAD TECHNOLOGY NO. ZZ Zl 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


PREP DATE REV DATE LTF 


1. REF. NO. 


TITLE Scanning Laser Radar 


3. TECHNOLOGY ADVANCEMENT REQUIRED 

Completion and refinement of design and 

construction, development test and 

flight qualification of the SLR 


PREP DATE 

CATEGORY Guidance 


_ LTR 

Control 



LEVEL OF STATE OF ART 

CURRENT 1 UNPERTURBED I REQUIRED 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _1£8^ 

PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TECHNOLOGY NEED DATE 1 980 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS tential high reliability, low power, no movint? aarts, 
and as a system wiLl provide a means of aitonomous rendezvous an l docking. 


POTENTIAL COST BENEFITS Simpler mechanism than conventional radar indicates 
potential cost savings of $150,000 per svstem. 


ESTIMATED COST SAVINGS $ 1.5 million 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Determining t. e optimum Laser material and refinement of 
the system concept for accurate ranging at close range. 


REQUIRED SUPPORTING TECHNOLOGIES Continued research of La ser ma ter ials and 
improvement in the signal processing. 


REFERENCE DOCUMENTS/COMMENTS 

HTOP 909-55-10. 

- 

— 

^ - - 

— 

- 

- 
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TITLE 


Scanning ue 


Lazer Radar (SLR) 


NO. NGC-2 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: One CLR -„ith suitable free flying 

vehicle for transporting system and a target for demonstrating the rendezvous 
and closing ability and accuracy. 

TEST DESCRIPTION : ALT. fmax/min) 100 / km, INCL. Any deg, TIME 25 hr 

Target vehicle to r endezvous, station keeping and dociing, 

BENEFIT OF SPACE TEST: Demonstrates performance of a comple x system in its working 

environment, 


EQUIPMENT: WEIGHT IQ kg, SIZE ,2 X .2 X .3 m, POWER .3 kW 

POINTING Free F’lyer/EO TS STABILITY N/A DATA 

ORIENTATION CREW: NO. 1 OPERATIONS/OURATION 0 /2hrs/omh 

SPECIAL GROUND FACILITIES: Done 


EXISTING- YES □ NO □ 


TEST CONFIDENCE 9 5 k > 


9. GROUND TEST OPTION TEST ARTICLE: and target. 

TEST DESCRIPTION/REQUIREMENTS: CLR and/or target for maneuvering, demonstrating 

and testing accuracy of system. 


SPECIAL GROUND FACILITIES: G ix aegree-of-f reedom mobility unit in a large tes t 

area for simulation and accuracy demonstrations. 


___ _ EXISTING: YES □ NO H3 

GROUND TEST LIMITATIONS: Limited freedom of translation 

TEST CONFIDENCE '[ 5 % 


10. SCHEDULE fk COST 

TASK 

[ CY 

1 ANALYSIS 


2. DESIGN 


3 MFG & C/O 


4 TEST & EVAL 


| TECH NEED DATE 


SPACE TEST OPTION 


[cv~ j Tj i'L| 77 78 | 79 80 cost ($) 



GRAND TOTAL 


11. VALUE OF SPACE TEST S lillions 

12. DOMINANT RISK/TECH PROBLEM 


GROUND TEST OPTION 


vAlC 77 78 79 80 



COST (S) 


. lm 
.Urn 
. ,0m 
1.5m 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ -J! ) 

COST IMPACT PROBABILITY 


COST RISK S 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NGC-3 


PAGE 


REF. NO. 


PREP DATE 0 / 8/75 REV DATE LTR 

CATEGORY Guidance Navigation and Control 


TITLE Stray Light Rejection Testin 



TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


It is extremely difficult and expensive 


to evaluate stray light attenuators 


(sun & earth shades) in earth based facilities. One reason is that test 


facility walls scatter light from the solar simulators . This makes veri- 


fication of new designs difficult. Shuttle sortie flights provide an 


; to evaluate the attenuation qualities of new sun shade designs 


and to provide verification of design equations and procedures 



4. SCHEDULE REQUIREMENTS I 
PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 


.YEARS. TECHNOLOGY NEED DATE 3-960 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS var ^ ous 

TECHNICAL BENEFITS Positive proof of design adequacy with resultant, minimi. 
zation of design and evaluation costs. It would still be necessa 


evaluate individual members of a design family to insure quality control 


i.e., nicks and dents); however, this is a much simpler task. 


POTENTIAL COST BENEFITS This procedure eliminates the need to design, build 


and maintain a precise test facility as proposed by the STS advanced systems 


technology guidance and control workin 


ESTIMATED COST SAVINGS S 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Hone-Shuttle/space lab capabilities 



REQUIRED SUPPORTING TECHNOLOGIES Space lab compatible 



7. REFERENCE DOCUMENTS/COMMENTS "STS Advanced Systems Tec hnolo ^ Guidance 
and Control Working Group", Jan 197 1 *; also DOTR number 11, "Stray Light 
Rejection". 
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TITLE Stray Light Rejection Testing 


NO. NGC-3 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION tfst artici f- Sun and Earth Shades 


TEST DESCRIPTION : ALT (max/min) 


km, INCL. Any deg, TIME 2 lu 


BENEFIT OF SPACE TEST: 

EQUIPMENT: WEIGHT various k 9- SIZ6 var j ous X X m, POWER .01 kw 

POINTING one degree STABILITY shuttle comparabil- DATA photomultiplier 

ORIENTATION relative to sun/earth CREW NO. OPER/M^NS/DURATION / 


SPECIAL GROUND FACILITIES: Hone beyond existing 


9. GROUND TEST OPTION TEST ARTICLE: Sun Shade 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: Hew facility required 


GROUND TEST LIMITATIONS: 


existing: YES □ NO a 

.TEST CONFIDENCE hiph 


EXISTING YES □ NO a 


TEST CONFIDENCE medium 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT PROBABILITY 


COST RISK S 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


UGC-U 


PAGE 


1. 

REF. NO. 

PREP DATE 

REV DATE LTR 



CATEGORY . 

Guidance, Navigation & Control 


■ 


TITLE Low-g accelerometer testin g 


3. TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


Lov-g accel erometers capable of measur- 
lerations as low as 10~^ M/S^ ~ 


a nd l o*er are require d for Ear th and Oce an Physic s Missions fo r mea su remen t of 

the influence of drag on gravity study satellites. Many of the problems 

associated with development o f instruments of this type relate to the ability,, 
to intr oduce very low a ccele r atio n s. A zero-g environme nt provides a solut ion 
to ruany of the problems encountered in 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME 3 x/caoc .. 


.YEARS. TECHNOLOGY NcED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS The principal benefit in providing a zero-g space 
environment to testing of l o w-g acceleromet e rs is elimination < 

3eismic isolation techniques and sophisticated measuremen t eau: 

"g" m e asure ment in s t r umen t capa bility ( 10 ~^ M/S 2 ) wil l enab le nev mis s ion 
technology. 

POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS S 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Isolation of accelerometer from shuttle d isturbance s 

requires a floati ng test bed with associated instrume ntation support 

functions. 


REQUIRED SUPPORTING TECHNOLOGIES Instrum entat ion , da ta processing 
communication 



REFERENCE DOCUMENTS/COMMENTS NGC-lL 
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TITLE Low-g Accelerometer Test ing NO. HGC-k 

" — PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: 10~ 8 M/S 2 Accelerometer and Associated 

Floating Test Bench 


TEST DESCRIPTION : ALT. (max/mm) no limit / km, INCL. any deg, TIME 1 hr 


BENEFIT OF SPACE TEST. Only way to test low-g accelerometers impossible on 


around. . .. _ 

EQUIPMENT: 

WEIGHT 

150 

kg, SIZE 

X 

x m, POWER 

kW 

POINTING 

any 


STABILITY _ 

1°RMS 

DATA 


ORIENTATION _ 

any 


CREW: 

NO. 

OPERATIONS/DURATION 12 

/ 1/2 NR 


SPECIAL GROUND FACILITIES: 

existing: YES m NO □ 

TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: Impractical to test on ground 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXISTING: YES □ NO □ 

GROUND TEST L,. ’ITATIONS. 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 

76 

77 

78 

79 

80 

81 

COST {$) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3 MEG & C/O 
4. TEST & EVAL 




— - 

- - 











— 

TEC ’ NEED DATE 






i 








GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


’ COST RISK S 

\ *■ 

f i n dr .m ; ; 




' • , ? ' 
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FUTURE PAYLOAD TECHNOLOGY NO. , NGC ~5 . .. 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 

T REF. NO. PREP DATE 8/8/7? REV DATE LTR 

CATEGORY Guidance » Navigation and Control 

2. TITLE Redundant Strapdown Laser Inertial Measurement Unit for Space Missions 


— . — ■■ — — ■■ 

3. TECHNOLOGY ADVANCEMENT REQUIRED 

LEVEL OF STATE OF ART 

Completion of contraction, development 
test and flight qualification of the 

CURRENT 

UNPERTURBED 

REQUIRED 




redundant strapdown Inertia Measurement Unit (IMU). 

Gyro itself has been 1 

flight tested. 









4 SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1983 

PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TFGHNOI OGY NFFD DATF 1?80 _ 

5. BENEFIT OF ADVANCEMENT number of payloads 

TECHNICAL BENEFITS Potential high reliability low power wide dynamic range. 

insensitive to gravity; fewer navigation computations. 




POTENTIAL COST BENEFITS Simpler mechanism than conventional gyros indicates 

potential cost savings of $150,000 per system. 


ESTIMATED COST SAVINGS S 1.5 million 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Developing reliable electronics 


REQUIRED SUPPORTING TECHNOLOGIES RTOP's 506-29-11 909-55-10 

ngc-iL 



7. REFERENCE DOCUMENTS/COMMENTS 





FT (TDR 1) 77b 


) 



I 
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TITLE Redundant Strapdovn Laser IMU for S pace Missions 


MO. HGC-5 
PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION tpqt ARTirt p- One IMU vith suitable docking target 

vehicle and remo te manipul a tor to carry IMU. Uses SUMC Processor 

TEST DESCRIPTION : ALT (max/mm) 1QQ / km, INCL. Any de 9- TIME 25 lu 

Target vehicle station — helps to provide rendezvous and docking for IMU 

BENEFIT OF SPACE TEST: Demonstrates performance of a complex sensor in its 

working environment 

EQUIPMENT. WEIGHT 10 kg. SIZE .25 X .25 X .25 m. POWER .300 kw 

POINTING remote manipulator STABILITY N.A, 0ATA_ 

ORIENTATION CREW NO. 1 OPE RATIO NS/OUR AT! ON 2 / 2 hrs ./ 


ORIENTATION 

SPECIAL GROUND FACILITIES Ilone 


existing: YES □ NO □ 
.TEST CONFIDENCE 95% 


9. GROUND TEST OPTION TEST ARTICLE: IMU and target 

TEST DESCRIPTION/REQUIREMENTS: IMU and/or target are manipu lat 

simulate do cking o rien tatio n 


SPECIAL GROUND FACILITIES: S ix d egree of freedom mobility unit or manipu lator in 

a chamber large enough to simulate doc ki ng 

EXISTING VES □ NO EJ 

GROUND TEST LIMITATIONS: No sunlight , limited freedom of t ranslation and perhaps 

no vacuum, Ground Tes t van & hel icopt er. 

TEST CONFIDENCE 75% 


10. SCHEDULE & COST SPACE TEST OPTION 

TASK |!7~T5 I 76 77 I 78 I 7 < 

1. ANALYSIS I 

2. DESIGN 

3 MFG 8. C/O 

4 TEST & EVAL _ 

TECH NEED DATE X | 

GRAND TOTAL 

11. VALUE OF SPACE TEST $ billions 

12. DOMINANT RISK/TECH PROBLEM 


GROUND TEST OPTION 


75 76 77 78 79 80 cost (S) 75 76 77 78 79 uO cost (S) 


77 

78 

- 






X 



3 . OM GRAND TOTAL | 4 . OM 

(SUM OF PROGRAM COSTS $ ) 

COST IMPACT PROBABILITY 


COST RISK S 
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1. REF.NO. 


FUTURE PAYLOAD TECHNOLOGY NO. 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


PREP DATE REV DATE LTR . 

CATEGORY Guidance. Navigation and Control 


2. TITLE Optical Correlator Landmark Tracker 


TECHNOLOGY ADVANCEMENT REQUIRED L , EV . ^ _ QF — AT -?_ F 

m , , , , ^ CURRENT UNPERTURBED REQUIRE! 

To develop a landmark tracker capable of — 

pointing to an arbitrarily selected L 

landmark for earth oriented satellites. Such a sen sor vill provide pointing 

signals for these instruments similar to that provided to inertiallv 

stabilized instruments by guided sta r sensor s, i*e.» it will make the„ earth., 
a cooperative tar get . 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _ j9& L 
PAYLOAD DEVELOPMENT LEAD TIME 5 YFARS. TFDHNOI DfiY f 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Arbitrary earth pointing capability without precise 

attitude determination of orbital parameter knowledge; i n strument pointing 
independent of mapping errors; real-time matching of targets rather than 
post-flight, 

POTENTIAL COST BENEFITS Significant reduction in around based mission suppc 
reduction in data transmission 


viewed and examined 

^ESTIMATED COST SAVINGS S 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Refinement of optically excited liquid crystals for 
higher reso lu tion. Search procedures to identify la ndmark te chniques to 
elimi ate moving parts. 


REQUIRED SUPPORTING TECHNOLOGIES Optically e xcited liqu id _cry_stal§_ 


REFERENCE DOCUMENTS/COMMENTS DOTH Number 1 9 






1 


i 


TITLE Optical Correlator Landmark Tracker 


NO. HGC-6 


PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION i est ARTiCLE: Landmark Tracker 


TEST DESCRIPTION : ALT. (max/mm) 500 / 200 km, INCL. any deg, TIME 1* hr 


BENEFIT OF SPACE TEST. Verify feasibility and system insens itivity to varintinns 
in lighting; orbital parameters; and cloud cover 


EQUIPMENT: WEIGHT 

POINTING 1st FLT-.5°laser/sec STABILITY 


kg, SIZE 1.1 X .5 X m, POWER 


kW 


DATA 


ORIENTATION Earth oriented CREW: NO. 1 OPERATIONS/DURATION 10 / U 

SPECIAL GROUND FACILITIES: Ho known special facilities 

existing: yes m NO □ 

TEST CONFIDENCE high 


9. GROUND TEST OPTION TEST ARTICLE: Landmark Tracker 


TEST DESCRIPTION/REQUIREMENTS: Using various photographs of earth, targets t.nkpn 

under different conditions , check correlation 


SPECIAL GROUND FACILITIES: None 


GROUND TEST LIMITATIONS: Lim i ted target variation 


EXISTING YES □ NO □ 


TEST CONFIDENCE fair 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK | CY 







COST ($) 







COST (S) 

\NALYSIS 

2. DESIGN 

3. MFG & C/O 

4 TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 




11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST HISK S 


i inn;, i / 


COST IMPACT 


PROBABILITY 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO NOC-7 
PAGE 1 


REF. NO. 


TITLE 


PREP DATE REV DATE LTR 

CATEGORY Guidance, Navigation and Control 


Video Correlator Landmark Tracker 


3. TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


To develop a landmark tracker ca 


pointing to an arbitrarily selected 


landmark for earth oriented satellites. Such a sensor will provide poi ntin 
signals for these instruments similar to that provided to inertiallv s 


lized instruments by guide star sen so rs, i.e.. i t vill make the earth a 

cooperative target. The video and' optical landmark track er are tvo alternate 
techniques for doing the same task. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME 5 vfaqc Tcrunni rxns, m 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Same as optical correlator landmark trackei 


POTENTIAL COST BENEFITS Same as optical correlator landmark tracker 


.ESTIMATED COST SAVINGS S 


6. RISK IN TECHNOLOGY ADVANCEMENT 


TECHNICAL PROBLEMS The technical problems are significantly difft 
the optical correlator landmark tracker. Principally the developme 
software to allow individual targets to bf 





REQUIRED SUPPORTING TECHNOLOGIES 



REFERENCE DOCUMENTS/COMMENTS 
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NO. MGC-7 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: 1r ideo Correlator Landmark Tracker 


TITLE Video Correlator Landmark Tracker 


TEST DESCRIPTION : ALT (max/min) 500 / 200 km, INCL. &riy deg, TIME L hi 


BENEFIT OF SPACE TEST: verify feasibility and system capabilities 


EQUIPMENT: WEIGHT kg, SIZE 1.1 X X .5 m, POWER kW 

POINT ING FLT-.5°;later lsec ^ TAB | L | T Y DATA 

ORIENTATION Earth CREW NO. _1 OPERATIONS/DURATION 10 / U 

SPECIAL GROUND FACILITIES: Mo known special ground facilities 

existing: yes m NO □ 

_ _ TEST CONFIDENCE hi g h 

9. GROUND TEST OPTION TEST ARTICLE. 


TEST DESCRIPTION/REQUIREMENTS: Simulate earth as seen from space 


SPECIAL GROUND FACILITIES: Hone 


EXISTING. YES EJ NO □ 

GROUND TEST LIMITATIONS. 


TEST CONFIDENCE fair 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK | CY 

H 


Hi 

| 

|| 


COST ($)J 

m 

■ 





- 

COST {$) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4 TEST & EVAL 

i 

i 

i 

i 

i 

i 

| 

i 

i 

i 

i 

i 


| 

TECH NEED DATE 

■ 
















| 

■ 


11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK S 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 


NGC-8 


PAGE 1 


1. REF. NO. 


PREP DATE 
CATEGORY 


REV DATE 


LTR 


Guidance, Navigation and Control 


2. TITLE Video Inertial Pointing System for Shuttle A strono my Payloads 


TECHNOLOGY ADVANCEMENT REQUIRED 

Pointing at non-visible or dim 

astronomy objects is crucial to astro- 


LEVELOF STATE OF ART 


CURRENT 

UNPERTURBED 

REQUIRED 

3 

5 

7 


nomy mi ss ions and re quires tracking st ar s of the ad jacent star field. Since 


the position of many dim targets is not precisely known with respect to the 

star field, the ability to viev the adjacen t field and complete t he acquisi- 

tion wi th a m o perato r is required. A video sensor can provide three-axi s 

error signals for gyro drift correct ion and a CRT display for human inter- 

action. 


1983 


SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 
PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TECHNOLOGY NEED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS 1. Increase in the number of faint astronomy sources that 
can he observed. 2. Increased system operational flexibil i tv due to field 
display. 3. Increased system reliability due to decrease in number nf star 

trackers. L. Increased system accuracy due to multi-star processing and 

error averaging. 

POTENTIAL COST BENEFITS 1 « Inc reased mission output for given on orbit time. 

2. Reduced number of conventional startrackers . 3. Lover performance gyros 


.ESTIMATED COST SAVINGS S 


RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS ^ • Development of video sensor with adequate sensitivity 

and resolut ion. 2. Development of multi— star processing equations. 

3. Development of optimum gyro filters. U. Development of guide star 

sele ction and manual control algorithms^ . ... . 


REQUIRED SUPPORTING TECHNOLOGIES CCD Detector Improvements 


7. REFERENCE DOCUMENTS/COMMENTS 1 « RT0P 506-19-15 "Video Inertial Poi nting 
Pointing System Shuttle Astronomy Payloads” 

2 « RTOP 506-19-1 ^ "Extended Life Attitude Control^ System for Unman ned 
Planetary Vehicles" 


FT (TOM U / /S 


V 


v 
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TITLE Video Inertial Pointing System for Shuttle Astronomy Payloads NO. NGC-8 

“ p AGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Prototype Video Inertial Pointing System 


TEST DESCRIPTION : ALT. (max/mm) 600 / 300 km, INCL. 


g, TIME 2k hr 


Track celestial targets and obtain actual astronomy data using system 


BENEFIT OF SPACE TEST: Performance tests of video sensor and system software; 

operational system demonstration 


EQUIPMENT: 

POINTING 

ORIENTATION 


WEIGHT 


kg, SIZE 


m, POWER 


kW 


STABILITY 


DATA 


CREW: NO. 


OPERATIONS/DURATION 


2k /l.5 hrs. 


SPECIAL GROUND FACILITIES: Video sensor calibration laboratory 


existing: yes m NO □ 


.TEST CONFIDENCE .85 


9. GROUND TEST OPTION TEST ARTICLE: Prototype Video Inertial Pointing 


TEST DESCRIPTION/REQUIREMENTS: 


balloon aircraft tests 


SPECIAL GROUND FACILITIES: Gimbal stabilization system 


EXISTING: YES s NO □ 


GROUND TEST LIMITATIONS: Atmospheric effects limit tracking point sources. 


TEST CL. FIDENCE .6 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ 73m 


(SUM OF PROGRAM COSTS $ 


300m 


> 


12. DOMINANT RISK/TECH PROBLEM 

Resolution and sensiti vit y 

Req uirement on CCD video sen sor 

COST RISKS 0.06 


COST IMPACT 

.02 


PROBABILITY 

0x3 


MM OH .<> ; /‘l 
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FUTURE PAYLOAD TECHNOLOGY NO. NGC ~- 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 

1. REF. NO. PREP DATE 6/8/75 REV DATE LTR 

CATEGORY Guidance, Navigation and Contr ol 

2. TITLE Attitude Control of a Flexible Structure 




3. TECHNOLOGY ADVANCEMENT REQUIRED 

Instrument pointing from a flexible 

LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 

3 

5 

7 

structure, typical of manned, earth 


resource, and planetary spacecraft of the future, n eed control systems capable 
of filtering the motions caused by the flexibility of the main spacecraft. 

On— going work (RTOP 506— 19-lM vi ll d evelop the too ls for incorporating a 

realisti c nonrigid vehicle model into the design nf a stochastic controller by 
1979 « A non— flight critical control system, preferably programmable t designed 

vith control algorithms based on dynanical models of the supporting 

structure, vould provide a practical demonstration of the nev analytical 

tools. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1963 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 198l 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Th e principal benefit of the technology advancement is im— 

proved pointing capability for instruments and improved attitude and stability 
of experiments and systems. The benefit of the experiment is to provide actual 
control system demonstration, prior to mission dependence, of the analytical 
tools. A comparable demonstration in a one-g field is virtually impossible. 

POTENTIAL COST BENEFITS To achieve improved mis s? success of attitude and/o r 

stability, dependent experiments and systems. This could run into the 100* s 
of millions of dollar s. 

ESTIMATED COST SAVINGS S 20 million 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS proper instrumentation 


REQUIRED SUPPORTING TECHNOLOGIES high accuracy angular rate sensors desirable 


7. REFERENCE DOCUMENTS/COMMENTS See DTK #25 and RTOP 506-19-1**. 


FT ( TOR 1) 1 7b 




TITLE Attitude Contr o l of a Flexible Structure NO. N6C-9 

' PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: L&rge Flexible Structures 


TEST DESCRIPTION: ALT. (max/min) / km, INCL. deg, TIME hr 

Evaluate pointing and stability at orbit— could be in conjunction with test 

and evaluation of figure control 

BENEFIT OF SPACE TEST: Test and evaluate full scale svstem and verify desicn 

procedures for follow-on missions. 

10-100 meter diameter 

EQUIPMENT: WEIGHT 1000-2000 k 9. SIZE X X m, POWER 1 kw 

POINTING one to five arc sec STABILITY .1 sec/sec 0ATA 

ORIENTATION various CREW: NO. 1 OPERATIONS/DURATION / 2 days 

SPECIAL GROUND FACILITIES: 

existing: yes Q no fl 

TEST CONFIDENCE 

9. GROUND TEST OPTION TEST ARTICLE: Only component and subsystem level tests 

can be performed on the ground. 

TEST DESCRIPTION/REQUIREMENTS: 



SPECIAL GROUNO FACILITIES: 


EXISTING YES | | NO | | 

GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($)} 

r 






COST ($} 

1. ANALYSIS 

2. DESIGN 

3 MFG&C/O 

4 TEST & EVAL 


i 

i 

i 

■ 

i 

■ 

i 

i 

i 

i 

i 

i 


TECH NEED DATE 






■ 








GRAND TOTAL 


GRAND TOTAL 

1 


1'i. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS S 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST HISK S 













FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


1. REF. NO. PREP DATE REV DATE Lin 

CATEGORY Guidance, Navigation and Cont 


NO. NGC-IO 

PAGE 1 


PREP DATE REV DATE LTR 

CATEGORY Guidance, Navigation and Control 


TITLE Figure Control of Large Deformable Structures 


3 TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART 

r . . . . , , CURRENT UNPERTURBED REQU 

Large precision structures (typically 

large antennas for high resolution _L 1 

earth observa t ions; astronomy interferons .ars, etc, ) c ann ot be maintained 

space without active control of their surface shape. Orders of magnitude 

loss of resolution can result from uncontrolled deformation of antennas. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 
PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TECHN 


D FLIGHT DATE 1983 

YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS By achieving maximum benefit from each system improve 
data and reduced data rate can be achieved. 


POTENTIAL COST BENEFITS Reduction i n number of satel l ite m issions and i ncrease 
in d ata quality res ult ing in IPO's of million of dollars in benefits. 

ESTIMATFD COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Types and location of activators t o be used 

Structural modeling and fabrication methods _____ 

Sensors for measuring structural deformation to the r equis i te acc uracy 
New approaches to the coupling and control of modular array elements 


REQUIRED SUPPORTING TECHNOLOGIES NASA TND-70 90: NASA CR-S073 UOTB IfeLb 
"shape control of large deformable st ructures", DOTR 0 _ Magnetic .large 
array assembly and shape management. 


REFERENCE DOCUMENTS/COMMENTS 
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yUL£ Figure Control of Large Deformable Structures 


NO. NGC-10 
PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION tcct artipi p Large, lightveight. structure, and 

modular arrays 


TEST DESCRIPTION : ALT, (mav/mip) 500 / 200 km, INCL Any deg, TIME 2 days l" 

(1) Transport and unfurl a large light-weight structure in space to evaluate 

surface control (should use structure for futu re on-going mission) 

(2) Deploy small set of magnetically coupled modular arrays linked to shuttle or 

freeflylng body. 


BENEFIT OF SPACE TE ST: Evaluate concert and engineering evaluation of on-going 

system. between 10&100 meter diameter , 

EQUIPMENT: WEIGHT 1QQQ-2000 ^9, SIZE X X m, POWER one (l) kw 

POINTING TBD STABILITY TBD DATA 

ORIENTATION various CREW NO. 1 0PERATI0NS' nl iRATI0N 10 / 2 days 


SPECIAL GROUND FACILITIES: construction and assembly 


existing: YES m NO □ 

.TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: There is probably no good ground test 
option available since the structures cannot support their own weight. 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS. 


EXISTING YES □ NO □ 


TEST CONFIDENCE 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT PROBABILITY 


cost RISK $ 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


1. 

REF.NO. 

p 

L 


c 


NO. _ 
PAGE 


HGC-12 

1 



LEVEL OF STATE OF ART 


CURRENT 


3 


UNPERTURBED 


REQUIRED 


TECHNOLOGY ADVANCEMENT REQUIRED 
This experiment will consist of a 


vehicle of modular design containin 


manipu lat or(s) and v isual sensors operated remotely in the or biter bay. The 
system will provide proof demonstration and crew famil: xisation in the space 


environment. This will also be a precursor to t he Earth Or bital Teleoperator 

Experiment Demonstration Flight. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TECHNOLOGY NEED DA7T 1978 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Demonstrate man-machine capability in space for hardwa 
manipulation and servicing. Tn some cases man without teleoperator suppor 


would be unable to carry out the required tasks. 


POTENTIAL COST BENEFITS Greatly reduced time to carry out certain tasks. 

T he integration of t hi s time saving would ultimately save an extra shuttle 
flight. 

ESTIMATED COST SAVINGS $ 10 mil lion 

Der fliflrht p 'ivp<i . 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Technic a l problems > vhich are currently being pursued , 
include: m an ipulator design, manipulator sensors, da ta displ ay, interac tion 

of operator with control and data display hardware and computer applies t i o ns . 


REQUIRED SUPPORTING TECHNOLOGIES T.V. ima gi ng, computer s, optical and 
mechanical sensors. 


7. REFERENCE DOCUMENTS/COMMENTS See DT R #36 and RTOP 970-63-20 
"Technology for Remote Manned Control for Payload Servicing." 


i ■ 
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TITLE Telcoperator Orbiter bay Experiment ( TQBE ) NO. NGC-11 

" PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

SPACE TEST OPTION TEST ARTICLE: TQBE vould be a modular structure consisting 

of manipulators, docking adapter, visual & R.F. system plus a task board for dem- 
onstrating the dexterity required for conduc ting a variety of manipulative tasks 
in zero gravity, 

TEST DtSCRIPTION : ALT (max/mm) N/A / N/A km, INCL H/A deg, TIME 6ea,-l hr 

This experiment vlll be conducted in the Orbiter Bay und ^ r varying lighting 

conditions as pr o vided by both day and night cycles of orbit, 

BENEFIT OF SPACE TEST. Less costly to demonstrate in the zero-gravity environment 
of space th in to simulate the same on earth, 

EQUIPMENT: WEIGHT 185 kg, SIZE 1 X i X 1#5 m, POWER .75 W 

POINTING N/A STABlLIT'f N/A pATA Video/pover/ recordings 

ORIENTATION N/A CREW NO. _l OPERATIONS/DURATION 6 / I hr, 

SPECIAL GROUND FACILITIES: Video monitor and telemetry of power measurement s 

vould be desirable. EXISTING'. YES m NO □ 

TEST CONFIDENCE 100 

9. GROUND TEST OPTION TEST ARTICLE: The TQBE vould be t e sted as a proto-f light 
system limited to one-g e nvironment ♦ 

TEST DESCR* P T10N/REQUIREMENTS: Perform limited manipulative task in one-g 

remotely aided by vi deo systems. 


SPECIAL GROUND FACILITIES: The teleoperator manipulator and mobi lity u nit test 
facility (EOTS simulator) 1 :ate at MSFC. 

EXISTING- YES E3 NO □ 

GROUND TEST LIMITATIONS: Lim ited to one-g conditions , no vacuum and unreal 

thermal control. 


TEST CONFIDENCE 50 


10. SCHEDULE & COST 

SPACE TEST OPTION ] 

GROUND TEST OPTION 

TASK CY 

76 

77 

76 

79 

80 

81 

COST ($) 

76 

77 

78 

79 

80 

81 

COST ($) 

1. ANALYSIS 
2 DESIGN 

3. MFG 81 C/O 

4. TEST & EVAL 

- 

— 

- 

— 



.1 

.5M 

2.5M 

.UM 


— 





.1 

.5M 

3.0M 

1.0M 

TECH NEED DATE 






X 






X 


GRAND TOTAL 

3.5M 

GRAND TOTAL 

U.6m 


11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ JUiillifilL ) 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK S 

KHTRoorrmn jty , }y m 


Mil OR .’I / /'< 
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TITLE Teleoperator Orbiter Bay Experiment (TOBE) NO. NGC-11 

pagF tT 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

SPACE TEST OPTION TEST ARTICLE: TOBE would be a modular structure consisting 

of manipula tors, dock ing adapter, visual & R.F. system plus a t a sk board for dem- 
onstrating the dexte rity required for con duc ting a variety of manipulative tasks 
in zero gravity. 

TEST DESCRIPTION : ALT (max/mm) 11/ A / N/A km, INCL H/A deg, TIME 6ea.-l hi 

This experiment will be conducted in the Orbiter Bay und ^ r varying lighting 

conditions as provided by both day and night cycles of orbit. 

BENEFIT OF SPACE TEST Less costly to demonstrate in the zero-gravity environment 
of space th^n to simulate the same on earth. 

EQUIPMENT: WEIGHT l8 c ; kg, SIZE _1 X l X 1#5 m, POWER .75 W 

POINTING N/A STAB! LIT'r N/A pATA Video/pover/ recordings 

ORIENTATION 11/ A CREW NO. _1 OPERATIONS/DURATION 6 / 1 hr. 

SPECIAL GROUND FACILITIES: Video monitor and telemetry of pover measurement s 

would be desirable. EXISTING* YES CD NO □ 

TEST C0NF:3ENCE 100 

9. GROUND TEST OPTION TEST ARTICLE: The TOBK would be t es ted as a oroto-flight 
system lim ited to one-g environment. 

TEST DESCR‘ D TION/REQUIREMENTS: Perform limited manipulative task in one-g 

remotely aided by vi deo syst e ms. 


SPECIAL GROUND FACILITIES: The teleoperator manipulator and mobility unit test 

facility (EOTS simulator) 1 :ate at MSFC. 

EXISTING- YES El NO □ 

GROUND TEST LIMITATIONS: Lim ited to one-g conditions « no vacuum and unreal 

thermal control. 


TEST CONFIDENCE 50 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 

76 

77 

76 

79 

80 

61 

COST ($) 

76 

77 

78 

79 

8° 

81 

COST (S) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4 TEST & EVAL 

- 

— 

— 

— 



a 

.5M 

2.SM 

,4m 


— 

— 




a 

.5M 

3.0M 

1.0M 

TECH NEED DATE 






X 






X 


GRAND TOTAL 

3.5M 

GRAND TOTAL 

4.6m 


11. VALUE OF SPACE TEST $ P illi on s (sum of program costs a A Million t 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK S 

WTRomrjHiuTY 1 ?k m 
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FUTURE PAYLOAD TECHNOLOGY NO N . G l~jj: 

TESTING AND DEVELOP MENT REQUIREMENT PAGE 1 

1. REF. i JO. PREP DATE 8/8/75 REV DATE LTR 

CATEGORY Guidance , Navigation and Control 

2. TITLE Earth Orbital Teleoperator System (EOTSj 


3. TECHNOLOGY ADVANCEMENT REQUIRED 
This experiment will be a "free flyer" 

LEVEL OF STATE OF ART 

- 

CURRENT 

UNPERTURBED 

REQUIRED 

3 

7 

7 

experiment which will contain the 

Teleoperator Orbiter Bay Experiment (TOBE) type components and systems — 


manipulators, docking adapters » visual system. RF systems plus the guidance 
and propulsion systems . 


4. SCHEDULE REQUIREMENTS first payload flight date 1 983 

PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TECHNOLOGY NEED DATE 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS T he flight experiment vill demonstrate the ability for 

deploying , rendezvous i ng, retrieving, inspecting, servicing and assembling 
payloads and sat e llites. 


POTENTIAL COST BENEFITS Will enable the repair and servicing of satellites 

which would otherwise have to be abandoned or returned to Earth for more 

e xpensiv e servicing , 

ESTIMATED COST SAVINGS $ 100 Million 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Technical problems, which are currently being pursued, 

include: man ipulator design, Manipulator sensors, data display, interaction 

of operator with control and data display hardware and computer applications. 


REQUIRED SUPPORTING TECHNOLOGIES T, V, imaging, antennas, guidance a nd 
navigation, computers , optical and mechanical sensors. 


7. REFERENCE DOCUMENTS/COMMENTS See DTR *36 and RTOP 970-63-20 
"Technology for Remote Manned Control for Payload Se^icin&. M __ 


FT (TOR 11 / 7 [ t 
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3. 


FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 


NGC-13 


PAGE 1 


1. REF. NO. 


PREP DATE 8/12/75 REV DATE LTR 

CATEGORY Guidance, Navigati on and Control, 


2. TITLE Modular Instrument Pointing Technology Laboratory (MIPTL) 


TECHNOLOGY ADVANCEMENT REQUIRED 
In addition to precision pointing 


system technology, there are a number 


LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 





of guidance and control pointing elements and systems for both earth viewing 
and astronomy inat form the elements of a Shuttle Spacelab experiments Such_ 


a laboratory would be required to provide position control to <10 sec and be 
designed for changeout of pointing instruments and various elements of the 
pointing control system* 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980-1981 

PAYLOAD DEVELOPMENT LEAD TIME _ 3 YEARS. TECHNOLOGY NEED DATE 


1980 


NUMBER OF PAYLOADS 


BENEFIT OF ADVANCEMENT 
TECHNICAL BENEFITS The benefits of an instrument pointing technology laboratory 
with an initial accuracy on the order of a fev arc-seconds would be the oppor- 
tunity of testing various sensors and elements of pointing systems in an earth 
orbital application at a relatively low cost. The laboratory would be recon- 
figurable and serve a continuous test capability for pointing and control tech- 
POTENTIAL COST BENEFITS nology. 


.ESTIMATED COST SAVINGS $ . 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS The principal problem in designing an instrument pointing 

technology laboratory is the sophistication of the modular concept. To h? 

cost effective as a testing tool the laboratory vould have to allow various 

components to be tested and instrumented without major impact or redesign 

of l aboratory elements, 

REQUIRED SUPPORTING TECHNOLOGIES 

1, Platform isolation system 


2. Attitude determination and relative instrumentatiqn 


7. REFERENCE DOCUMENTS/COMMENTS Applicable on-going pro g rams might include 

506-1 9-1 3 Adv anc ed s/c and control systems and 506 - 1 9 - 1 ^ E xtended Life 

A/C Systems and 506-19-15 Video Inertial Pointing 


FT (TDR-1 ' V 75 
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TITLE Modular Instrument Pointing Technology Laboratory (MIPTL) 


NO. NGC-13 
PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION 


ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


kg, SIZE 
STABILITY 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


m, POWER 


NO. OPERATIONS/DURATION 


existing: yes □ NO □ 


.TEST CONFIDENCE 


EXISTING YES □ NO □ 


TEST CONFIDENCE 


10. SCHEDULE & COST 


SPACE TEST OPTION 


GROUND TEST OPTION 


1. ANALYSIS 

2. DESIGN 

3. MFG 8, C/O 

4 TEST & EVAL 
TECH NEED DATE 


COST ($) 


COST ($) 


GRAND TOTAL 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ , 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT PROBABILITY 


COST RISK $ 


QRMtNAL page is poor 


V 



I 


f 


FUTURE PAYLOAD TECHNOLOGY NO. . NGC-1 ^ 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. REF.NO. 

PREP DATE 

8/13/75 REV DATE LTR 


CATEGORY 

Navigation, Guidance and Control 



2. TITLE 

Inertial Components Flight Test Facility 1 




3. TECHNOLOGY ADVANCEMENT REQUIRED 
This facility (module) is viewed as a 

LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 

2 

5 

7 

device to evaluate advanced navigation 


components and wou l d be used over a period of many years. This facility is 

essentially a "free flyer” on hoard the shuttle (spacelab). This module 

would be released from shuttle (t o i solat e dist ur b ance s ) and inertially 

stabili ze d. The s h uttle is flown so as to "station keep 11 with the modu le, 

Within this facility it would be pos si ble to evaluate a variety of compo n ents 
such as low-g accelerometers, gyroscopic components, and inertial measurement 
units. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS . TECHNOLOGY NEED DATE 1 9&2 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Obtaining very lov-g capability of providing isolation for 
precision stability measurements is extremely difficu lt on earth. The present 
state-of-the-art can be ref ined » but order (s) of magnitude improvements can 
be obtained on l y in space. 


POTENTIAL COST BENEFITS Alternate earth based facilities ar e eithe r impossibl e 
to build or a t bes t extremely expensive. 


- ESTIMATED COST SAVINGS $ 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS The technology to build and operate t he proposed facility 

is general ly a vailable. The free flyer will be simil ar i n complexity to a 

present-day sounding rocket payload . 


REQUIRED SUPPORTING TECHNOLOGIES NGC-I 4 ; NGC-5 


7 REFERENCE DOCUMENTS/COMMENTS 


f t 1 toh n ; /s 
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TITLE Inertial Components Flight Test Facility NO. NGC-lL 

RAGE 2 

COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Inertial Components 

TEST DESCRIPTION : ALT. (max/mm) Any / km, INCL. Any deg, TIME 8 hr 

Components are mounted on the free flyer and alloyed to "float" while output 

is monitored. 

BENEFIT OF SPACE TEST: Evaluation of components in A-itu and under conditions 

(isolation) unobtainable in space 

.GUIPMENT: WEIGHT 1000 kg, SIZE 2 x 1*1 m, POWER 2 kW 

POINTING provided by facility STABILITY ^ 0 ^^^ facilit; fr ATA 

ORIENTATION Inertial CREW: NO. 1 OPERATIONS/OURATION 2 / ^ 

SPECIAL GROUND FACILITIES: Component alignment and functional test 

EXISTING: YES m NO □ 
TEST CONFIDENCE »95 

9. GROUND TEST OPTION TEST ARTICLE: Inertial Components 

TEST DESCRIPTION/REQUIREMENTS: The present state-of-the-art probably cannot be 

extended by the orders of magnitude that can be achievable in space. 

SPECIAL GROUND FACILITIES: 


EXISTING YES □ NO m 

GROUND TEST LIMITATIONS: Disturbances from seismic forces, tidal forces, and the 

inability to align vith the earth’s gravitational field. 

TEST CONFIDENCE 


10. SCHEDULE & COST 

TASK j CY 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4. TEST & EVAL 
TECH NEED DATE 


11. VALUE OF SPACE TEST $ 

12. DOMINANT RISK/TECH PROBLEM 


SPACE TEST OPTION 


GROUND TEST OPTION 
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GRAND TOTAL 
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[| GRAND TOTAL | 

(SUM OF PROGRAM COSTS S ) 

COST IMPACT PROBABILITY 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO HGC-15 
PAGE 1 

1. REF. NO. PREP DATE REV DATE LTR . 

CATEGORY Guidance, navigation and control 

2. TITLE Free Flying Interferometer 


TECHNOLOGY ADVANCEMENT REQUIRED 
Demonstration of free-flying long base- 

LEVEL OF STATE OF ART 

i 

CURRENT 

UNPERTURBED 

REQUIRED 

line interferometer of sufficient gain 





and accuracy to be used vith small ground beacons and antennas and weak 


stellar sources. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _19§5 

PAYLOAD DEVELOPMENT LEAD TIME _ 3 YEARS. TECHNOLOGY NEED DATE _i2§2_ 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Such interferometers can be used as a basis for creating 

navigation and control and search and rescue systems for mobile earth 

platforms such es ships and aircraft, 


POTENTIAL COST BENEFITS Could be instr um ental in eliminating ship collisions 
and search and rescue position location. 

^ ESTIMATED COST SAVINGS $ 2 Billion/yr* 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Obtaining sufficient signal gain and accuracy. 


REQUIRED SUPPORTING TECHNOLOGIES Ground beacons. 


7. REFERENCE DOCUMENTS/COMMENTS Out l ook for Space Objec tive 03k - 
Communication - Navigation and DOTR 38* 


f T (TOR n / /s 
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TITLE Free Flying Interfero meter NO. NGC-15 

I — ~ PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION 

TEST ARTICLE: 

Free-flyer and 

shuttle 

based 



interferometer equipment 












1 

...... 

TEST DESCRIPTION : 

ALT (max/min) 

500 / 

300 km, INCL. 



deg, TIME 

7 hi 


















BENEFIT OF SPACE TEST. Provide a 

basis for a 

navigation. 

control 

and searcii 

and 

rescue system for 

mobile 

land 

platform. 









EQUIPMENT: WEIGHT 

1000 

kg, SIZE 

3 

X 3 

X 


m, POWER 

1 

kW 

POINTING 




STABILITY 




DATA 





ORIENTATION 

Earth 



CREW 

NO. 

OPERATIONS/DURATION 

1C 

/ 

1 hr. 

SPECIAL GROUND FACILITIES: 
























existing: ye 

*□ 

NO [7] 










TEST CONFIDENCE 

.95 

9. GROUND TEST OPTION 

TEST ARTICLE: 


























TEST DESCRIPTION/REQUIREMENTS. 


















SPECIAL GROUND FACILITIES: 








































EXISTING: YES 1 l 

NO Q 

GROUND TEST LIMITATIONS 

Virtually 

impossible to duplicate 

on ground. 



























TEST CONFIDENCE 




















10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK 

CY 
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COST (SI 

1. ANALYSIS 

2. DESIGN 

3 MFG & C/O 

4 TEST & EVAL 
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GRAND TOTAL 
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11 VALUE OF SPACE TEST S (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK S 
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IV- 1 

SHUTTLE PAYLOADS 

A. INTRODUCTION 

In Section II, User Requirements were grouped under 
the three major thrusts that were developed as logical 

summary goals for Navigation, Guidance and Contro! . 

i 

The Technology Requirements that were subsequently 
generated (Section III) were also grouped under these 
major thrusts. In a similar manner, the recommended 

flight experiments developed from the Technology Require- “ 

ments and discussed in this section can also be organized 
under these major thrusts. 

This organization of experiments is shown in Table I. 

As can be seen, each major thrust has produced several 
shuttle experiments. In some cases, a number of individual 
experiments have been grouped to result in what appears to 
be an efficient payload--a payload that will minimize de- 
velopment costs and possibly the number of flights. 

The total group of experiments, each including a brief 
description, a justification for the experiment, references 
to the Technology Descriptions and the Payload Technology 
Forms is presented in the following material. 

B. GROUPING OF EXPERIMENTS 

Forty-seven technology requirements were identified 
that support the user requirements. From these, a total 
of 15 were identified that could benefit from a space 
test. Some of the future payload technology space tests 
require or are enhanced by the space environment, while 
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others benefit from a systems test, required for user ac- 
ceptance, that can only be performed meaningfully in space. 

Several of the payload technology space tests fit in- 
to groups that could use similar support facilities on the 
shuttle. Two of these classes are listed below with their 
proposed experiments: 

1. Inertial Components Test Facility 

a. Low-g accelerometer tests 

b. Redundant strapdown IMU for space missions 

2. Modular Instrument Pointing Test Facility 

a. Optical correlator landmark tracker 

b. Video correlator landmark tracker 

c. Video Inert ' al Pointing System for Shuttle 
Astronomy Payloads 

These two test facilities are characterized by having 
the potential to support technology development over an 
extended period of time of a broad class of NASA uses or 
mission requirements. 

C. EXPERIMENTS AND RATIONALE 

All of the shuttle experiments that have been identi- 
fied from the technology requirements can be categorized 
according to whether the experiment supports mission driven 
or opportunity driven technology. Mission driven refers to 
technology requirements that have been identified or are 
related to future missions. Opportunity driven refers to 
technology requirements that would provide new enabling 
technology for potential missions that have not yet been 
identified. Table II shows each proposed experiment, its 
basis for justification and whether it is opportunity 
driven or mission driven. 
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Table III correlates the Outlook for Space, User In- 
puts, Major Thrusts, and the majority of the technology re- 
quirements. The first three sections of this table will 
allow the reader to determine the specific technology re- 
lated to the other three areas. The next section of the 
table enumerates a specific user requirement and technology 
response outside the major thrust. The final section iden- 
tifies those areas which form a part of any consistent con- 
tinuing program: the necessary effort to refine the state- 

of-the-art so that maximum benefits can be achieved. Also 
grouped in this area are those DOTR's which were referred 
to other working groups . The numbers in front of the tech- 
nology items provide a quick reference to the DOTR's which 
will provide more detailed information on the specific tech- 
nology. In this table each technology item appears only 
once opposite that set of areas to which it most logically 
applies. In general, the OFS and User Inputs have been 
grouped according to similar functions which allow adjacent 
vertical areas across the chart to be associated together. 
However, many of the technology items apply to a number of 
other areas. Table III-A shows th’ s cross-correlation but 
requires that the reader refer to Table III and the index 
to determine the items being correlated. 

The following pages present brief resumes of each ex- 
periment, and this is followed directly by considerable de- 
tail in t’ne form of the "Future Payload Technology Testing 
and Development Requirement" Forms. 


© 
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Major Thrust REDUCE MISSION SUPPORT COST BY 50% THROUGH AUTO- 
NOMOUS OPERATION BY 1990 

Experiments : 1. Low Cost Navigation Independent of NASA 

Tracking Facilities 

2. Scanning Laser Radar (SLR) 

Major Thrust PROVIDE A TEN-FOLD INCREASE IN MISSION OUTPUT 
THROUGH IMPROVED POINTING AND CONTROL BY 1990 

Experiment Groupings: 

Tit le : 1. Modular Instrument Pointing Technology Lab- 

oratory (MIPTL) 

Individual Experiments: 

a. Optical Correlator Landmark Tracker 

b. Video Correlator Landmark Tracker 

c. Video Inertial Pointing System for 
Shuttle Astronomy Payloads 

T it le : 2. Inertial Components Flight Test facility 

Individual Experiments: 

a. Low Gravity Accelerometer Testing 

b. Redundant Strapdown Laser Inertial 
Measurement Unit for Space Missions 

Other Experiments : 

3. Stray Light Rejection Testing 

4. Attitude Control of a Flexible Structure 

5. Figure Control of Large Deformable Structures 

6. Free Flyinq Interferometer 

Major Thrust PROVIDE A HUNDRED-FOLD INCREASE IN HUMAN’S PRODUC- 
TIVITY IN SPACE THROUGH LARGE-SCALE TELEOPERATOR 
APPLICATION BY 1990 

Experime nts : 1. Telcoperetor Orbiter Bay Experiments (TOBEJ 

2. Earth Orbital Teleoperator System (EOTS) 


TABLE I SHUTTLE PAYLOAD EXPI MENT AND EXPERIMENT GROUPING 
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USER INPUT#* INF 


OUTLOOK FOR SPACE 


OFFICE OF 
SPACE SCIENCE 


OFFICE OF^CE 
APPLICATION? 0 *' 


(1) VER't LONG LIFE COMPONENTS AND (2) LONG LIFE, SELF REPAIRING 
SYSTEMS SPACECRAFT SYSTEMS 


(3) AUTONOMOUS SPACECRAFT AND (4) ELECTRONS GUIDANCE AND CONTROL 
VEHICLES SYSTEMS FOR NEAR AUTOMATED LONG 

MISSION LIFE 


(6) AUTOMATED RENDEVOUS AND DOCKING 
SYSTEM TECHNIQUES 


(7) AUTOMATIC S/C RENDEVOUS - MARS 
SAMPLE RETURN 


(3) COMET AND ASTEROID RENDEVOUS AND 
SAMPLE RETURN MISSION 


(9) IMPROVED SURFACE MOBILITY AND 
NAVIGATION FOR UNMANNED ROVERS 


(10) IMPROVED DETERMINA^ MI 
POSITION ACCURACY 
SPACE STATIONS N® 


(11) DEVELOP SPACEBORNfff 01 

ACCLEROMETERSOFflg'SC 

ACCURACY FOR MEASt?"^ 
INFLUENCE OF DRAG Q^ AC 
STUDY SATELITES ES 


(12) PRECISION NAVIGATION 


l 


TATLE III RELATIONSHIP BETWEEN OUTLOOK FOR SPACE, USER iN p UTS AND TECHNOLOGY REQUIREMENTS 


FOLDOUT FRAME 
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jjsfl INPUTS % 

tr 

■jpFICEOF OFFICE OF £ 

ON iCATIONS MANNED SPACE FLIGHT MAJOR THRUST O 


(5) LONG LIFETIME RELIABILITY 
ASSURANCE 


m*erminationofthe 

: Y <jjRACY OF ORBITAL 


dm^BORNE 
p «ftS OF 'MPROVED 
igAMEASUREMENT OF THE 
3 OpRAG ON GRAVITY 


REDUCE MISSION SUPPORT BY 50% 
THROUGH AUTONOMOUS OPERATIONS 
BY 1990 


14 

19 

21 

36 

24 
1 

25 


3 


5 

7 

8 


9 


23 


b 

2 

35 


STELLAR I 
HIGH RE 
CONTINU 
RADIATIO 
MISSIONS 
RATE G> 
LOW COS 
REDUND 


SCANNING 


AUTONOM 
COMET A 
COMETAR 


AUTOMAT 


LOW'G" 


AN 


A VLBI 
APPRO 
SPACE 
CON 


HOLDOUT FRAME ' 
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MAJOR THRUST 


MISSION SUPPORT BY 50% 

H AUTONOMOUS OPERATIONS 
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% 

DC 

O TECHNOLOGY REQUIREMENTS 


14 STELLAR II !' 

19 HIGH RESOLUTION LONG LIFE INERTIAL REFERENCE UNIT 

21 CONTINUED DEVELOPMENT OF DIGITAL REBALANCE ELECTRONICS 1 

36 RADIATION ATTITUDE CONTROL FOR EXTENDED LIFE PLANETARY 

MISSIONS i 

24 RATE GYRO PACKAGE jf. 

1 LOW COST NAVIGATION INDEPENDENT OF NASA TRACKING FACILITIES 

25 REDUNDANT STRAPDOWN IMU FOR SPACE MISSIONS 


3 SCANNING LASER RADAR 


5 AUTONOMOUS GUIDANCE AND NAVIGATION 

7 COMET AND ASTEROID EPHEMERIDES 

8 COMETARY INTERCEPT MISSION 


9 AUTOMATED SPACECRAFT (ROVERS) 


23 LOW "G" ACCELEROMETER TEST FACILITY 


6 A VLBI AND PULSAR NAVIGATION 
2 APPROACH GUIDANCE FOR A SPINNING SPACECRAFT 
35 SPACECRAFT SURFACE FORCE CONTROL (SURFCON) AND ATTITUDE 

CONTROL SYSTEM 


VOLDOVT lTlAMfi * 


I 

I 
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V, 


v. 


USER INPUTS 


OUTLOOK FOR SPACE 


OFFICE OF 
SPACE SCIENCE 


OFFICE OF 
APPLICATION 


(15) COMMUNICATIONS 
ELEMENTS 


(1 7) SPACE ENERGY CONVERTERS 


(18) LARGE, CONTROLLABLE 

LIGHTWEIGHT STRUCTURES 


(13) SPACECRAFT ATTITI 
CONTROL OR DETER 
NEEDED TO ONE (1) 
FOR EARTH POINTIN 


(14) IMAGING TECHNIQUES WITH 
CARTOGRAPHIC ACCURACY 


(16) THE DEVELOPMENT OF 
SYSTEMS (BETWEEN E^ 
RECEIVER) CAPABLE O 
DEVICES AT 1.000 KM TO 
ACCURACY OF A FEW 
SECONDS 


(19) LARGE STRUCTURES IN SPACE WITH 

EXTREMELY ACCURATE POSITION (20) PRECISION POINTING F 

AND ATTITUDE KNNOWLEDGE AND STRUCTURES AND AFR 

CONTROL 

(22) REFINEMENT OF LOW-R 
INTERFEROMETRIC TEC 
TO PERMIT LOCATION O 
CONTINENTS WITHIN A 


(24) COMMUNICATION -NAVIGATION 


foldout frame \ 


TABLE III continued 


OFFICE OF 
APPLICATION 


OFFICE OF 

MANNED SPACE FLIGHT 


MAJOR THRUSTS 


O 

O 


ECRAFT ATTITUDE 

26 

•ROLOR DETERMINATION IS 


ED TO ONE (1 ) ARC SECOND 


EARTH POINTING 

27 


OPTICAL C 
VIDEO COR 


ELOPMENT OF CLOSED LOOP 
S (BETWEEN EMITTER AND 
ER) CAPABLE OF POINTING 
3 AT 1,000 KM TO AN 
,CY OF A FEW ARC 
S 


DN POINTING FOR LARGE 
URES AND AF RAYS 


1ENT OF LOW-RANGE 
EROMETRIC TECHNIQUES 
1IT LOCATION OF THE 
ENTS WITHIN A FEW CM 


(21) LARGE SPACE BASED 
POWER SYSTEMS 


(23) LARGE VOLUME/LONG RANGE 
COMMUNICATIONS 


II INCREASE MISSION BENEFITS 
THROUGH A TEN-FOLD POINTING 
AND CONTROL IMPROVEMENT BY 
1990 


17 


18 


31 


32 
34 

33 


38 


OPTICAL S 
STAR TRAC' 


STRAY-LIG 


VIDEO INER 
PAYLOADS 


ATTITUDE 
HIGH ACCU 
BODY S/C 
FIGURE CO' 


MEASUREM 


F0T.D0UT FHAM0 


1 


% 

CL 

H 

IAJOR THRUSTS 8 TECHNOLOGY REQUIREMENTS 


26 OPTICAL CORRELATOR LANDMARK TRACKER 


27 VIDEO CORRELATOR LANDMARK TRACKER 


17 OPTICAL STANDARDIZATION AND IMPROVED TUBE DESIGN FOR 
STAR TRACKER 


18 STRAY-LIGHT REJECTION 


31 VIDEO INERTIAL POINTING SYSTEM FOR SHUTTLE ASTRONAUT 

PAYLOADS 


32 ATTITUDE CONTROL OF FLEXIBLE SPACECRAFT CONFIGURATIONS 

34 HIGH ACCURACY INSTRUMENT POINTING SYSTEM FOR FLEXIBLE 

BODY S/C 

33 FIGURE CONTROL OF LARGE DEFORMABLE STRUCTURES 


38 MEASUREMENT AND CONTROL OF LONG BASELINE STRUCTURES 


fbU' ' Ml 






OUTLOOK FOR SPACE 


USERS INPUTS 


(26) LUNAR RESOURCE 

RECOVERY, P” CCESSING 
AND SPACE MANEUVERING 


VMfiMOUT FRAMBl\ 
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OFFICE OF SPACE 
SCIENCE 


SURVIVABLE HARD AND SEMI- 
HARD LANDED SCIENCE 
STATIONS 



v. 




OFFICE OF 
APPLICATIONS 


OFFICE OF MANNED 
SPACE FLIGHT 


MAJOR THRUST 



(25) IN SPACE CONSTRUCTION 
TECHNIQUES 


(27) ORBITOR 

ASSEMBLY/MAINTENANCE, 

SERVICE/REPAIR 


(28) REMOTE CONTROLLED 
MANIPULATORS 


III ENHANCE HUMAN'S 
PRODUCTIVITY IN SPACE 
THROUGH LARGE-SCAE 
TELEOPERATOR APPLICATION BY 
1990 


BASIC IMPROVEMENTS IN 
NAVIGATION COMPONENTS AND 
TECHNIQUES LEADING TO 
IMPROVED RELIABILITY AND 
LOWER COST 
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MAJOR THRUST 


% 

□c 

(- 

O 

Q 


TECHNOLOGY REQUIREMENTS 


III ENHANCE HUMAN'S 
PRODUCTIVITY IN SPACE 
THROUGH LARGE-SCAE 
TELEOPERATOR APPLICATION BY 
1990 


44 

43 

42 

41 

10 

11 

12 / 


45 


46 

47 

48 

49 

50 


MULTIPURPOSE PANEL 
SATELITE SERVICING 

SUPERVISORY CONTROL OF REMOTE MANIPULATORS 
SPACE TELEOPERATOR TECHNOLOGY 
ROBOTIC DECISION MAKING AND PLANNING 
ROBOTIC SCENE ANALYSIS 
END EFFECTOR SENSORS FOR ROBOT AND 
TELEOPERATOR MANIPULATORS 
TELEOPERATOR CONTROLLERS 
WRIST MECHANISMS 
MINIATURE TV CAMERA 
IMA3E ENHANCEMENT 
VIDEO SIGNAL COMMUNICATIONS 


30 


HARD LANDER CONTROL FOR AIRLESS PLANETS 


BASIC IMPROVEMENTS IN 
NAVIGATION COMPONENTS AND 

20 

TECHNIQUES LEADING TO 

15 

IMPROVED RELIABILITY AND 

16 

LOWER COST 

4 


22 


28 


37 


39 


CRYOGENIC GYROSCOPES FOR SPACE AND AIRCRAFT 
NAVIGATION* 

INTENSIFIED SOLID STATE IMAGING DEVICE* 

CHARGE INJECTION DEVICES FOR LOW LIGHT LEVEL IMAGING 
DEVELOPMENT OF LOW COST NAVIGATIONAL COMPONENTS 
HIGH RESOLUTION ATTITUDE SENSOR 
OPTICAL INERTIAL REFERENCE* 

FLUID MOMENTUM GENERATOR* 

MAGNETIC LARGE ARRAY AND SHAPE MANAGEMENT* 


‘Referred to Basic Research Panel 
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DEFINITION OF TECHNOLOGY REQUIREMENTS BY INDEX NUMBER 

TABLE lll-A CROSS CORRELATION OF USER REQUIREMENTS AND DOTR S 


EXPERIMENT RESUMES 



LOW COST NAVIGATION INDEPENDENT OF NASA TRACKING FACILITIES 


The proposed experiment would fly high quality aircraft 
navigation gear (receiver/transmitter) to survey the signal 
reception from orbit of the several existing navigation nets 
for aircraft use around the world. When signal reception 
characteris tics are measured and understood, future Earth 
orbiting satellites could be designed with the capability of 
moderately accurate, near autonomous navigation thus reducing 
the work load on the NASA tracking net. 

This experiment should be considered to lead to oppor- 
tunity driven technology and would be used by survey and moni- 
toring missions. 


References : 

1. "Definition of Technology Requirements" No. 1 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-1 
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SCANNING LASER RADAR 

The scanning laser radar provides complete six-degree-of- 
freedom sensing at short range for rendezvous and docking appli- 
cation. A shuttle experiment will provide the unique lighting 
conditions of space and the freedom of motion that is expensive 
to provide in an earth-bound facility. The technology is appli- 
cable to any rendezvous and docking missions where autonomous 
operation is required, and particularly to the Space Tug. 


References : 

1. "Definition of Technology Requirements" No. 2 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-3 
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STRAY-LIGHT REJECTION 

The principle purpose of this effort is to provide a means 
of design verification for new sun and earth shade designs. A 
secondary purpose is to verify present day design procedures. 

As discussed in the DOTR and its abstract the attenuation char- 
acteristics are very difficult to obtain in earth based facili- 
ties; in fact, in the past it has been recommended that a new 
facility be set up to evaluate sun shades. The experiment ( s) 
would consist of various ne\. design configurations and accom- 
panying photo sensors to fly aboard Shuttle. This package 
would be picked up by the remote manipulator and rotated to 
various angles relative to Shuttle or the entire vehicle allowed 
to rotate. The degree of precision required from the test 
would probably dictate the mode of operation. Comparison of 
these results with design goals would eventually improve and 
refine design procedures. It should be recognized that the 
attendant star tracker may or may not be flown with the sun 
shade dependent upon whether attenuation measurements, opera- 
tional characteristics, or both are desire . 

The principal benefactor frcm such tests are the users of 
star trackers who wish to push their instruments closer to the 
sun. Such tests will also allow sun shade size (hence weight 
and volume) to be reduced to the minimum. 

References : 

1. "Definition of Technology Requirements" No. 18 

2. "Future Payload Technology Testing and Development 
Requi remen t" No. NGC-3 
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LOW - G ACCELEROMETER TESTING 


The proposed test facility in a zero-g environment will 
enable development of accelerometers with measurement capabil- 

_9 

ity of 10 g or less. This level of accuracy is required to 
be able to measure non-gravitational S/C forces which produce 
accelerations of this order of magnitude. The principal ad- 
vantages of in-orbit test facilities are that elaborate and 
costly seismic isolation techniques in the laboratory would 
not be needed, and to date such laboratory devices have never 
enabled the required level of accuracy, which would be attain- 
able in-orbit. 

This technology is required for earth and ocean physics 
missions for measurement of the effect of drag on gravity 
study satellites. 


References : 

1. "Definition of Technology Requirements" No. 23 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-4 
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REDUNDANT ST RAP DOWN LASER INERTIAL MEASUREMENT UNIT 

The IMU includes six laser gyros and six accelerometers 
in a dodecahedron configuration. In the flight experiment 
they will be evaluated and demonstrated in the zero-g, vacuum 
space environment. This demonstration is justified by the 
novel and new nature of the laser gyro. The IMU is potentially 
applicable to interplanetary missions where a highly reliable 
navigation sensor is required. 


References : 

1. "Definition of Technology Requirements" No. 25 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-5 
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OPTICAL CORRELATOR LANDMARK TRACKER 

AND 

VIDEO CORRELATOR LANDMARK TRACKER 

These two devices are discussed together since their end 
goal is to provide the users (OA and OSS) with the capability 
of pointing to predetermined targets on the earth very accur- 
ately with only modest ephemeris and attitude information 
available. Present techniques require precise ephemeris and 
attitude data which are then used to calculate pointing direc- 
tion. An additional attribute of either of these devices is 
that it can be combined directly into the optical path of the 
sensing telescope (or RF Receiver of a large antenna) in such 
a way that the pointing direction of the sensing structure 
(optics/antenna) is directly monitored without recourse to 
transfering a pointing direction from an independent sensor. 

This will allow earth pointing instruments to use the earth as 
a cooperative target the same as celestial sensors use stars 
and will allow the users of one arc-second pointing accuracy 
(OA) to be met. In order to properly evaluate these devices, 
it will be necessary to test aboard a shuttle flight which can 
provide accurate instrument pointing capability toward the 
earth. This will allow an assessment of their tolerance to 
cloud cover, lighting variation and look angle, factors to 
which they theoretically have a large tolerance. 

While these devices offer solutions to similar problems, 

(cont. on page 2) 
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it should be pointed out that the technology necessary for 
their implementation is significantly different. They, there- 
fore provide complimentary approaches to a different and im- 
portant problem. 


References : 

1. "Definition of Technology Requirements" Nos. 26 
and 27 

2. "Future Payload Technology Testing and Development 
Requirements" Nos. NGC-6 and NGC-7 
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VIDEO INERTIAL POINTING (VIP) SYSTEM 

The Video Inertial Pointing (VIP) System utilizes a video 
sensor to provide three axis error signals for pointing and 
stabilization of an astronomical telescope. In addition, the 
video sensor will drive a display for use in starf ield/target 
identification and manual control. A shuttle experiment is 
required to demonstrate the VIP system in a meaningful opera- 
tional test to ensure user acceptance. The ability to track 
the very dim stars and astronomical targets can only be demon- 
strated above the earth's atmosphere. The operational test of 
the VIP system technology will support the pointing and ac- 
quisition requirements of shuttle-attached astronomy payloads 
including the Shuttle Infrared Telescope Facility (SIRTF) and 
the Shuttle UV/Optical Telescope (SUOT) . The VIP system tech- 
nology requirements and shuttle experiment are described in 
more detail in the references shown below. 


References : 

1. "Definition of Technology Requirements" No. 31 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-8 
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ATTITUDE CONTROL OF FLEXIBLE 
SPACECRAFT CONFIGURATIONS 

This experiment demonstrates the attitude control of flex- 
ible structures in space utilizing advanced control and model- 
ing techniques designed to minimize the dynamic structural 
response. Such a control system could provide an accurate 
attitude environment that would increase the mission success 
of a broad range of sensors and systems. This experiment re- 
quires space testing to obtain the zero-g environment and is 
an outgrowth of user requirements from OSS, OA and OMSF. 


References : 

1. "Definition of Technology Requirements" No. 32 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-9 
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FIGURE CONTROL OF LARGE 
DEFORMABLE STRUCTURES 

This experiment explores figure control of large flexible 
structures in space by actually deploying controlled flexible 
arrays. Such shape control is necessary to achieve efficiency, 
high gain, and improved bandwidth and resolution in sensors 
and antenna arrays. This experiment requires space testing 
to obtain the zero-g environment and is an outgrowth of user 
requirements from OSS and OA. 


) 


( 


k 
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References : 

1. "Definition of Technology Requirements" No. 33 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-10 
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TELEOPERATOR ORBITER BAY EXPERIMENT (TOBE) 

The TOBE will be the first in a series of space teleoper- 
ator experiments that will demonstrate the man-machine capabil- 
ity in space for manipulating and servicing through remote con- 
trol — (To be conducted in Shuttle Bay) . The basic TOBE will 
consist of a manipulator, docking adapter/grappler , visual and 
R.F . telemetry/communication systems, plus a task board. 

The TOBE will assess these systems and their interface 
hardware components in the environment parameters of space such 
as zero-g gravity, vacuum and extreme thermal and lighting con- 
ditions. The associated task board will contain a variety of 
hardware components, cable connectors, modules for exchange, 
etc., for the purpose of demonstrating the effectiveness, dex- 
terity and handling ability of the hand controllers, manipula- 
tors and end effectors under a gravity free situation remotely 
through a visual system. In addition to the above, the TOBE 
will also be utilized to assess maintenance, servicing, design 
and operational concepts for future space teleoperators. 

The technology being developed by these experiments will 
support a wide variety of OMSF shuttle missions and payloads. 


References : 

1. "Definition of Technology Requirements" Nos. 41 
through 50 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-11 
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EARTH ORBITAL TELEOPERATOR SYSTEMS (EOTS) 

The EOTS will be the second generation of space teleoper- 
ator experiments. It will consist of the same type equipment 
as the TOBE (manipulator, docking adapter/grappler , visual and 
R.F. telemetry/communication systems) plus a navigation, guid- 
ance and control, and propulsion system. 

The EOTS will assess the above systems in a free space, 
gravity free environment and provide the means to evaluate a 
"Free Flyiny Teleoperator". A summary of the benefits afforded 
by the EOTS can be provided by an investigation of applications 
of EOTS potential capabilities. Some of these benefits are: 
Monitor/Inspect — The EOTS can provide an examination of areas 
not currently possible with the STS systems. It can also pro- 
vide a panoramic view of any STS activities such as payload 
deployment or EVA — Deploy/Retrieve. It can assist in the 
recovery of payloads where dynamic state might compromise the 
orbiter's safety. In addition, the EOTS can deploy the payload 
at a distance from the orbiter, reducing contajT ination levels. 

Experiment Support Servicing — The versatility of the 
mechanisms allows much greater coverage in serviceable payload 
design. The elimination of payload bay servicing dedicated 
equipment provides more space for payloads. The payloads can 
employ EOTS capabilities rather than designing their own. When 
required, the EOTS can functionally replace EVA activities. 

Assemb ly — EOTS can replace the man for tasks handling 

(cont. on page 2) 
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massive objects that might be hazardous. It can also act as a 
portable workstation providing lighting, tool storage, and tem- 
porary storage for removal parts . 

The technology being developed by this experiment will 
support a wide variety of OMSF shuttle missions and payloads. 


REPRODUCIBILITY OF THE 
ORIQtNA L PAGE IS POOR 


References : 

1. "Definition of Technology Requirements" Nos. 41 
through 50 

2. "Future Payload Technology Testing and Development 
Requirement" No. NGC-12 
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MODULAR INSTRUMENT POINTING 
TECHNOLOGY LABORATORY (MIPT ’ ■]_ 

The Modular Instrument Pointing Technology Laboratory 
(MIPTL) provides a facility for performing a variety of exper- 
iments associated with instrument pointing technology. The 
facility would consist of a basic mount, stabilization sub- 
systems, and associated controls and displays. This facility 
would support several of the experiments that have been pro- 
posed and the facility has the potential to support technology 
advancement over a long time period. The presently identified 
experiments that would use MIPTL are referenced below; these 
experiments support a broad range of technology requirements 
and NASA user offices. 


References : 

1. "Future Payload Technology Testing and Development 
Requirement" No. NGC-13 

Related Experiments: 

1. Optical correlator landmark tracker, No. NGC-6 

2. Video correlator landmark tracker, No, NGC-7 

3. Video Inertial Pointing System for Shuttle Astronomy 
Payloads, No. NGC-8 
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INERTIAL COMPONENTS FLIGHT TEST FACILITY 


This facility (module) is required to evaluate advanced 
navigation components and would be used over a period of many 
years. This facility is essentially a "free flyer" on board 
the shuttle or space led). This module would be released from 
the shuttle (to isolate disturbances) inertial]y stabilized 
and the shuttle flown so as to station keep with the module. 
Within this facility it would be possible to evaluate a variety 
of components such as low "g" accelerometer, gyroscope com- 
ponents, and inertial measurement units. 


References : 

1. "Definition of Technology Requirements" Nos. 4, 5, 
and 14 

2. "Future Payload Technology Testing and Development 
Requirements" Nos. 23 and 25 
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F REE FLYING INTERFEROMETER 

This space experiment evaluates the use of interfero- 
meters composed of free flying receivers for locating mobile 
ground platforms and stellar radiometric sources. This re- 
quires a space experiment to realistically evaluate accuracy 
and ground beacon power requirements. This experiment is in 
response to the Outlook for Space. Objective 034 - Communica- 
tion - Navigation which highlights the need for locating, con- 
trolling, and performing search and rescue for mobile ground 
platforms (e.g., ships and aircraft). 


References s 

1. "Oef initi' ' Technology Requirements” No. 38 

2. "Future ^ load Technology Testing and Development 
Requirement" No. NGC-15 
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V. Relation to Current Technology Program 

A. Introduction 

The development of technology requirements and shuttle 
experiments in the previous sections leads naturally to the 
question of how the current technology program relates to these 
requirements. To answer this question, a roadmap of the current 
technology program was generated and compared to the technology 
requirements . 

B. Roadmap of the Current Technology Program 

The roadmap which includes all RTOPS which are applicable 
to the navigation, guidance and control disciplines is Figure 3. 

The RTOPS group naturally into major thrusts that were identified 
in Section II. The listing of RTOPS and the associated roadmap 
are given in Table IV. Tne technology requirements identified 
in Section III are compared to the current program RTOP numbers 
in Tables V, VI, VII, and VIII. 

C. Relation of Current Program to Technology Requirements and 
Shuttle Experiments 

Based on the roadmap of the on-going program and the 
charts comparing this to the technology requirements generated 
during the Workshop, several comments are required: 

1. There was variation as to the input of technology 
requirements to the workshop. Some on-going technology programs 
that may require or benefit from a shuttle experiment were not 
submitted as technology requirements. No attempt was made to work 
backwards during the workshop and consider these on-going programs 
for possible experiments or to determine how these programs match 
the workshop user requirements. 

2. No attempt was made to establish priorities for the 
shuttle experiments or to relate their importance to additional 
work for technology requirements not covered by the on-going 
technology program. 

3. Several of the GN&C shuttle experiments are inter- 
related with other discipline working groups. For example the 
pointing and control experiments relate closely to the sensors 
and data acquisition, and the MIPTL (Modular Instrument Pointing 
Technology Laboratory) could be used in conjunction with advance 
sensors such as the Advanced Technology Radiometer. The experiments 
proposed in the structures and arrays area must be jointly 
developed with the structures discipline. 
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Fig. 3: NAVIGATION, CONTROL ROBOTI CS/TELEOPERAT OR ROADMAPS 





Fig.: NAVIGATION, CONTROL, ROBOTICS/TELEOPERATOR ROADMAPS (Cont.) 
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Fig. 3: NAVIGATION, CONTROL, ROBOTICS/TELEOPERATOR ROADMAPS (Cont.) 
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ATTACHMENT TO FIGURE 3 
CONTROL ROADMAP LEGEND 


MILESTONE 

END ITEM 


CENTER 

1RM 

Laser IMU System Operational Test 

909-55-10/506-19-11 

MSFC 

2RM 

Redundant Laser IMU System Test 

909-55-10/506-19-11 

MSFC 

3K 

Standard (MJS) DRIRU Prototype 

- 

JPL 

4R 

Long Life DRIRU Gyro 

506-19-14 

JPL 

5R 

Long Life DRIRU 

506-19-14 

JPL 

6R 

Breadboard VIP Stellar Tracker 

506-19-15 

JPL 

7R 

ELACS Stellar Tracker Breadboard 

506-19-14 

JPL 

8R 

ELACS Stellar Technology Readiness 

506-19-14 

JPL 

9S 

Definition of Flight Experiment Mission 

188-41-54 

MSFC 

10S 

Prototype Gyro Testing Complete 

188-41-54 

MSFC 

ns 

High Tolerance Model Available 

188-41-54 

MSFC 

12M 

IMS SUMC Computer Integration 

909-54-10/909-54-33 

MSFC 

13M 

Fault Tolerant SUMC Test 

909-54-10/909-54-33 

MSFC 

14R 

ELACS Electronics Breadboard 

506-19-14 

JPL 

15R 

Fault Tolerant ELACS Electronics 

506-19-14 

JPL 

16R 

ELACS Technology Readiness 

506-19-14 

JPL 

17R 

2 Axis Bearing Integration with 
Ironless Motor 

506-19-12 

GSFC 

18R 

Small Scale Isolation Platform 

506-19-12 

GSFC 

19R 

Platform Soft Isolator Evaluation 

506-19-12 

GSFC 

20R 

Final Testing of Second Generation CMG 

506-19-13 

LaRC 

21 R 

AMC D Laboratory Prototype 

506-19-13 

LaRC 

22R 

AMCD Hardware Test Complete 

506-19-13 

LaRC 
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ATTACHMENT TO FIGURE 3 (CONT 




CONTROL ROADMAP LEGEND 



MILESTONE 

END ITEM 

RTOP 

CENTER 

23R 

Completion of 2 Axis AMCD 

506-19-13 

LaRC 

24R 

Breadboard Mag. Bearing Reaction Wheel 

506-19-14 

JPL 

25R 

Mag. Bearing Reaction Wheel Tech. 
Readiness 

506-19-14 

JPL 

26M 

IPACS Prototype Wheel 

909-81-08 


27M 

Composite Rotor 

909-74-35/910-35-02 

LaRC 

28M 

Composite Rotor Testing Complete 

909-74-35/910-35-02 

LaRC 

29R 

VIPS Stage II System Test 

506-81-08 

AMES 

30R 

VIPS Stage III System Test 

506-81-08 

AMES 

31R 

Annular Suspension & Pointing 
System Model 

506-19-13 

LaRC 

32R 

Standardized Software Library 

506-19-15 

LaRc 

33R 

Define Tug Deployment Techniques 

909-08-51 

MSFC 

34R 

Define IPS Ultimate Pointing Perf. 

909-08-51 

MSFC 

35R 

Define IPS Digital Controller Design 

909-08-57 

MSFC 

36R 

Optimum Filter Developed 

506-19-14 

JPL 

37R 

Suboptimal Filter Options Developed 

506-19-14 

JD'. 

38R 

Best Suboptional Filter Selected 

506-19-14 

oPL 
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MAJOR THRUSTS 

I AUTONOMOUS OPERATIONS 

II POINTING AND CONTROL 

III TELEOPERATORS 

I AUTONOMOUS OPERATION 
REFERENCE RTOPS 


JPL 

506-19-21 

Optical Guidance, Multi-Maneuver 
Strategy, on-board Nav, fit exper 
iments 

JPL 

186-68-52 

CCD TV Camera 

GSFC 

310-10-22 

Mission Support Computing Systems 
Techniques 

GSFC 

310-10-26 

Attitude-Orbit Analysis 

GSFC 

310-10-43 

Advanced LASER Ranging Systems 
Development 

MSFC 

180-17-54 

Guidance Computer Technology 

JPL 

186-68-74 

NAV & Mission Analysis - SEP 

LaRC 

506-19-22 

Video Guidance System 

HQTRS 

506-19-31 

Rover NAV, SIM, Scene Analysis 

JPL 

506-19-32 

Stereo Sensors, Planetary Rover 
Model, etc. 

JPL 

186-68-55 

Mars Roving Vehicle 

MSFC 

180-17-50 

System Perf. & Tech. Assessment 


for Unmanned Missions 


TABLE IV - ROADMAP ORGANIZATION NAVIGATION, GUIDANCE & CONTROL 
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POINTING & 

CONTROL 


A. 

SENSORS 




MSFC 

909-55-10/506-19-11 

LASER GYRO 


MSFC 

188-41-54 

Cryogenic (Relativity) Gyro 


JPL 

506-19-14/186-68-54 

ELACS, STELLAR & DRIRU 


GSFC 

188-78-56 

IMAGING TECHNOLOGY 

B. 

SYSTEMS 

& COMPONENTS 



MSFC 

909-54-10/909-54-33 

SUMC 


GSFC 

506-19-12 

Magnetics, Wheels & 
Bearings 


LaRC 

506-19-13 

Momentum Storage System 


JPL 

506-19-14/186-68-79 

ELACS Electronics & MBRW 


LaRC 

909-74-35/910-35-02 

Integrated Power/Attitude 
Control 


GSFC 

909-81-08 

Direct Drive Actuator for 
IP AC 


AMES 

506-19-15 

VIPS System 


LaRC 

506-19-13 

Adaptive Control Software 


JPL 

506-19-14 

ELACS Control System 
Analysis 


MSFC 

909-08-51 

Stab & Control - Modern 
Control Tech. 

TELEOPERATORS 



ARC 

970-23-20 

Advance Manipulators 


JSC 

970-53-20 

Remote Manipulator System 


MSFC 

970-63-20 

Earth Orbital Teleoperator 
System 


JPL 

970-83-20 

Planetary /Lunar Surface 
Teleoperators 


JSC 

975-50-01 

Manned Maneuvering Units 


TABLE IV - ROADMAP ORGANIZATION NAVIGATION , GUIDANCE & CONTROL (CONT.) 
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TABLE V - TECHNOLOGY REQUIREMENTS/ CURRENT PROGRAMS I 



TECHNOLOGY REQUIREMENTS 

I, AUTONOMOUS OPERATIONS CURRENT AND RELATED RTOP NUMBERS 

1 /Low Cost Navigation Independent of NASA tracking Facilities j Feasibility needs to be determined 





























TECHNOLOGY REQUIREMENTS 

II. POINTING AMD CONTROL SENSORS 



TABLE VI - TECHNOLOGY REQUIREMENTS/ CURRENT PROGRAMS II 
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TECHNOLOGY REQUIREMENTS 

II. POINTING AND CONTROL SYSTEMS AND COMPONENTS CURRENT AND RELATED RTOP NUMBERS 
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TABLE VII - TECHNOLOGY REQUIREMENTS/ CURRENT PROGRAMS II 
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